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IHTROOUCTIOK 


For  centuries,  man  has  tried  to  adjust  the  face  of  the  earth  to 
suit  his  parti cuiar  needs.  In  doing  this,  nan  I s in  confi ict  wl th 
nature,  and  prinarliy  Mith  its  component  factors,  namely,  climate, 
soii,  and  vegetation.  These  factors  are  In  continuous  change. 

In  agriculture,  for  successful  land  developnent,  two  main  points 
must  ba  observed: 


n inventory  of 

he  selection  and  Introduction  of  crops  should  be  made  with 

g suitable  soli  and  evolving  management  methods, 
f optimum  production  is  expected. 


B investigational 


projects  may  appear 
to  provide  adequate 

land  for  egricultura 
it  presents 
equally  undeveloped 
for  agricultural  pro 


Fully  evaluotad 


simple,  and  the  results  nu 
1 reconrendations, 

utilization  within  the  fiaribbean  Region  (159), 

1 features  which  nay  be  common  to  some  other 
I countries.  For  over  200  years  labor  requirements 
oductlon  suffered  owing  to  more  attractive  condi- 
tions of  employment  offered  by  timber  exploitation  or  trading  concern: 
consequently,  labor  for  agriculture  was  never  cheap  nor  plentiful. 
This  situation  produced  small  ownar-farners  who  acquired  practical 

becoming  the  backbone  of  the  agricultural  development  of  the  country. 


Foe  the  purpose  oF  Che  present  Investigation,  tv/o  of  the  Coastal 
Alluvial  Pine  ftidge  Soils,  also  known  as  tho  Pulotan  soils,  wore 
selected  In  the  vicinity  oF  Bailee  City,  primarily  because: 

1)  The  Coastal  Alluvial  Pine  Aldpe  Soils  cover  a relatively 
large  area  of  British  Honduras,  approximately  2,8A9  km*,  and 
are  considered  by  several  Investigators  to  be  Important  In 
the  future  development  of  the  country  regardless  of  the  un- 
favorable features  they  possess. 

2)  The  land  within  a radius  of  Zk  to  32  km  of  Belize  City  Is 
fairly  well  supplied  with  roads  and  has  two  large  navigable 
rivers  (SIbun  and  Belize),  Belize  City  Itself  Is  a potential 
market  For  most  agricultural  products  and  It  Is  utilized  as 

a coirmerclal  port  for  Import  end  export  purposes. 

3)  The  knowledge  gained  through  the  present  Investigation  may 
constitute  the  basis  for  further  studies  oF  soils  with  similar 
physical  and  chemical  characteristics  encountered  elsewhere 

in  the  American  Tropics,  particularly  In  Guyana  and  Vonazuela. 

The  objectives  of  this  Investigation  were  the  Following: 

I)  Identification  and  sampling  of  representative  Coastal  Pine 
Ridge  Sol  Is, 

Laboratory  investigations 

1)  Physical  analyses  of  selected  soil  samples. 

2)  Chemical  analyses  of  selected  soil  samples. 

3)  Other  laburatory  studies  related  to  the  fertility  status  of 
these  soils,  namely  (1)  P-fIxatlon  capacity,  (11)  mobility 


ol’  P In  the  soil  profile,  and  (iil)  soil  P aval  lability  and 
plant  yields. 

1)  Determination  of  the  actual  fertility  status  of  selected 
Puletan  soils  by  pot-tests. 

2)  Study  of  the  responses  of  crop  plants  to  lime  and  fertiliser 
applications,  with  particular  emphasis  on  the  response  and 
uptake  of  fertilizer  P, 


REVIEW  OF  LITERATURE 


The  Country 

British  Honduras  Is  situated  Oh  Che  east  coast  oF  Central  Ajnerica 
and  lies  within  latitudes  1$^  5**'  and  2S^  29'  H and  longitudes  83^  10' 
and  89  09'  W.  It  Is  bounded  on  the  east  by  the  Caribbean  Sea,  on 
the  north  and  northwest  by  the  Republic  of  Hexico,  and  on  the  west 
and  south  by  the  Republic  of  Quateaiala.  In  length,  British  Honduras 
extends  280  km  From  the  Rio  Hondo  In  the  north  to  the  Sarstoon  River 
In  the  south.  In  breadth,  at  the  widest  part  (Dellze  to  Benguo  Viejo) 
It  Is  109  km.  The  mainland  territory  of  the  country  totals  some 

22,965  km^. 


ToDOnraohy 

The  chief  topographical  features  of  British  Honduras  are:  (1) 
The  Flat  Northern  Plain  of  low  relief,  lying  north  of  the  latitude  of 
Belize,  and  occupying  more  than  half  of  the  area  of  the  country,  (2) 
The  southern-central  Maya  Mountains  of  general  altitude  650  m to 
1,000  m,  containing  the  Cockscomb  Range,  1,230  n high,  (3)  The  low- 

from  8 to  16  lull  and  rises  to  an  elevation  of  33  m at  Its  western 


coasti Ine  o 


British  Honduras 


south  of  Belize,  and  (5)  The  Cayes  and 


Geological  Age 


Harre  of  formatlen  Area 

Tk^) 

(2)  Old  Coastal  Alluvium 

(Pine  Rid^o  Formation)  2,8^ 

(3)  Toledo  Bods  1,683 

(5)  GranI lie  Igneous 

Intrusions  858 

(6)  Slate  Series  2,642 

A brief  description  Is  next  given  of  each  of  these 
formations,  proceeding  from  Che  oldest  to  the  newest: 


Post  PI locene 
Miocene 


01 igoecne 


Carbonl ferous 


CarbonI fart 
geological 


This  Is  confined  to  the  Maya  Mountains  end  consists  mainly  of 
foliated  meCamorphlc  rocks,  namely,  schists  and  slates,  sandstones, 
quartzites,  and  blue  limestone. 

Six  main  outcrops  of  these  rocks  have  been  Identified  within  the 
country  at  Mountain  Pine  Ridge,  Middlesex,  Silk,  Grass  Creek,  Vaha 
Leaf  Creek,  Cockscomb,  and  Rio  Bladen.  They  consist  of  blotICe 
granite, and  porphyry.  The  granite  Is  Intruded  Into  the  older  Slate 
Series.  The  porphyry,  mainly  occurring  south  of  Swaaey  River,  Is  a 
fine  grained  quarta~fel spar  rock.  Forming  sills,  dykes,  lava  flows, 
and  ash  bods  Intarbedded  with  Che  slates. 

This  formation  occupies  Che  greater  part  of  the  country.  It 
forms  the  whole  of  Che  Northern  Plain,  extends  northward  over  Yucatan, 


Southern 


Pupta  Gorda.  which  are  partly  overlain  by  the  Toledo  Beds.  The 
limestone  Is  composed  mainly  of  foramlnl fera.  though  It  Is  freguently 
crystal  1 1ne  and  perhaps  doloml tic.  1 1 I s whi te  or  creamy,  weathers 
easily,  and  has  a high  calcium  carbonate  content. 

The  marly  representatives  occur  only  north  op  latitude  17°  and 
are  best  developed  around  Cayo,  Orange  Walh,  and  Coroaal.  The  marls 
appear  to  Me  on  the  surface  of  the  hard  limestones,  and  are  not 

from  erosion  of  the  limestone  cep  which  once  covered  the  whole  of  the 

civilization,  including  terraces  and  mounds. 


This  formation  Is  confined  to  the  region  w* 

stones,  Incerleyered  with  laminated  I 
sandstones  with  occasional  diatomites. 


blue- calcareous 


These  alluvial  deposits,  which  were  geologically  recently  sub- 
merged beneath  the  sea,  Form  the  Coastal  Plain  around  end  south  of 
Belize.  They  comprise  meterlals  brought  dovm  by  the  mountain  streams, 
and  consist  of  coarse  grits  overlying  grey  micaceous,  heolinitic 
clayey-sand  and  silt.  The  grits  are  frequently  broadly  mottled  red 


Recent  deposits 

These  include  elluvial  deposits  In  swamps  and  estuaries,  and 


rJv«rlno  strips,  usually  slIgKtIy  higher  than  the  swampy  coastal- 
plain  land  on  either  side.  They  are  comprised  Oy  finely  mottled  red 
and  white  clays  often  containing  grit  and  gravel,  particulariy  when 

Vegetation 

According  to  Wright  et  al , (159)  Che  following  are  the  original 
formations  that  once  covered  British  Honduras: 

Broadleaf  forests  rich  in  "lima  lovTno  species". --Hahogany 
fSwIatenIa  macronhyllal  and  sapote  lAchras  sapote  L.)  are  the  typical 
representatives  of  tills  type, 

Broadleaf  forest  with  occasional  "lime  lovlno  species". --These 
are  evergreen  seasonal  forests  composed  of  deciduous  species. 

Transitional  broadleaf  forests. --These  forests  have  not  reached 
the  climax  stage;  the  soil  and  vegetation  show  signs  of  Instability. 
The  forest  height  Is  lower  than  the  above  types  and  the  canopy  Is 
more  level,  A characteristic  species  In  the  shrub  layer  Is  the  black 
and  white  maya  (Hlconla  spp.). 

Shrub  land  with  pine. --This  Is  a transitional  type  In  which  the 
soil  Is  only  capable  of  supporting  shrubs,  but, through  the  Influence 
of  disturbing  factors,  such  as  fires,  hurricanes,  or  human  activities, 
pines  have  had  a chance  to  Invade,  This  vegetation  Is  typical  of  the 
Broken  Pine  ftldge. 


d swamp  comnunl ties. 


Coastal  formatU 


^ (60),  Ch»rMr  (34)  and  Wright  ('59)  ^ 


The  Coastal  Pine  Ridge  Soils 

Tho  Coaetal  Pine  Rfdge  soils  ore  also  known  as  Pulecan  soils, 
a tom  formerly  applied  by  the  Heya  Indlsns  to  Monkey  River  where 

British  Honduras,  approximately  2,81,9  km^  from  Deep  River  In  the  south 
almost  to  Orange  Walk  In  the  north.  They  have  been  mapped  over  a N-S 
strip  293  km  long  and  from  6 to  58  km  wide.  In  many  places  they 

mangroves.  At  Intervals,  the  Coastal  Plain  Is  broken  by  the  vega 
soils  of  rivers  draining  eastward  from  the  Haya  Mountain  massif. 

Location 

Honduras,  krlght  at  al . 059)  described  the  Puletan  soils  as  comprising 
two  main  sub-regions,  namely.  Coastal  Plain  and  Pine  Ridge,  which  In 
turn  are  part  of  two  regions,  namely,  the  East  central  and  the  Belize, 
Each  of  these  two  locations  will  be  briefly  described; 

East  central  region,  coastal  plain  sub-reolon 

This  area  of  approximately  gcE  km*  Includes  a nearly  flat  coastal 
plain  extending  64  km  from  Stann  Creek  to  Deep  River  In  the  south. 

This  plain  has  an  average  width  of  16  km  and  becomes  gently  unduletlng 
as  It  approaches  the  foothills.  The  rainfall  In  the  area  Increases 

this  plain  are  formed  from  old  coastal  deposits.  They  are  much 
leached  In  Che  topsoil  and  havo  an  impervious  acid  subsoil.  Low 
fertility  and  poor  Internal  drainage  are  tho  chief  limiting  factors. 


Table  l.--CllTate  of  Belize  City,  1957-196/  (ID-year  averages). 


^ Rainfall 

s>  Potential  Evapotranspl  ration 
Surplus  Kainfall 


Figure  I .'-remperature  and  rainfall  at  Belize  City. 


permanently  wet.  Palmetto  palm  clumps  fThrInaa  areentea  Lodd.  and 
Thrlnax  wendlendlana  Beccarj ) also  occur  especially  on  flat  land  near 


The  present  vegetation  does  not  change  greatly  over  the  area 
ch  Includes  the  Pine  nidge  soils.  This  Is  In  large  part  due  to 
the  almost  uniform  low  soil  fertility  and  the  frequency  of  grass 
fires.  The  present  trees  and  grass  species  are  those  which  are  best 


fieolQov 

were  formed  on  an  old  coastal  deposit.  Much  of  the  parent  material 
came  from  the  Haya  Hountalns,  In  fact,  the  greater  pert  of  the  soils 
of  British  Honduras  are  directly  or  Indirectly  derived  from  the  Haya 
Hountaln  rocks. 

rocks  (Paleozoic).  These  are  both  arenaceous  and  argillaceous  In 
texture  and  belong  to  two  separate  cycles  of  sedimentation,  hoi  ten 
rock  was  Intruded  beneath  and  between  these  sediments  and  on  cooling 

sediments  became  cemented  by  silica  and  the  very  hard  rock  quartz- 
ite was  formed.  Consequently,  the  main  mass  of  the  Heya  Mountains 
Is  made  up  of  quartz-rich  rocks  with  few  minerals  which  contain 


ere  are  no  P deposits  of  any  size  end  no 

re  are  also  no  deposits  of  volcanic  ash, 
relatively  close  proximity  of  active  volcanoes  Ii 


SU] . Tlierefore,  soil  paronc  naurlals 


Guaiemoia  (SO  lun  lo  Clie 
derived  from  Che  Have  Houncains  have  a poor  reserve  of  nose  of  the 
outriencs  required  For  normal  plant  growth.  In  terms  of  natural 
soil  fertility,  it  may  he  concluded  that  the  contribution  of  the 

of  plant  nutrients,  but  the  size  of  Its  contribution  Is  subject  to 
the  length  of  time  In  which  the  plant  cover  remains  undisturbed. 

When  the  organic  matter  is  destroyed  by  fire  the  loss  of  soli  fertil- 
ity is  considerable. 

Wright  et  al.  (I59)  stated  that  the  weathering  products  of  the 
Puletan  soil  parent  material  are  quartz  sand  and  clay.  DTA  and  X-ray 
analyses  of  these  soils  indicate  that  the  clay  fraction  loss  than  2 
microns  Is  pradaninatly  kaollnitic.  it  contains  much  7.^  mecahailoy- 
slte  and  a little  ii.OSS  hydrated  halloysite,  but  also  a considerable 
anbunt  of  16.8-22.2^  montmorl I loni te. 

One  important  problem  of  the  Puletan  soils  pointed  out  by  several 
Investigators  (34,  £0,  1$)  Is  erosion  by  lateral  movement  of  water. 
This  Is  a consequence  of  frequent  Intense  rain  showers  and  an  almost 
Impervious,  clay  subsoil.  Thus,  quite  oFCen  during  the  rainy  season, 
a sheet  of  water  several  cm  thick  accumulates  on  the  soil  surface. 

The  very  gently  sloping  topography  of  these  soils  makes  runoff  very 

Soli  Phosphorus 

The  literature  covering  practically  all  the  phases  of  soil  P Is 
enormous.  Nevertheless,  the  study  of  soli  P Is  still  a topic  of 


major  Importance,  not  only  becaaae  ? Is  one  of  the  major  essential 
plant  nutrients,  but  also  because  (I)  1^  Is  present  In  the  soil  In 
relatively  small  quantities,  0,022  to  0,083%  ^ out  of  the  total  P 
content  of  0.12%  P In  the  lithosphere  (outer  crust  of  the  earth)  and 
(2)  It  tends  to  react  with  soil  components  to  form  relatively  Insol- 


n teat  books  (80.  124,  138] 

wo  categor 


content,  hence,  It  Is  compara 

surface  soils  ranged  from  as 
total  P.  Usually  organic  P or 


relative  proportion 
varies  widely.  Organic  P tends  to 
slatlonshi p wl th  the  organic  matter 
Ively  low  In  subsoils  and  higher  In 
(no)  Indicated  that  organic  P In 
I as  0,3%  to  as  high  as  35%  of  the 
irs  In  the  form  of  phospholipids, 


Inositol  phosphates.  Th 
trous  combinations  with  Fe,  Al , Ca,  F 
:ompounds  are  only  slightly  soluble  I 


Inorganic  fraction  oc 
and  other  elements, 
water.  The  content  o 


Inorganic  P In  soils  Is  almost  always  larger  than  the  organic  fraction, 
HeiTMall  (£6)  reported  that  fertilizer  P recovery  by  a crop 
planted  Immedletely  after  ferti  1 1 ration  airounts  to  only  10  to30%of 
that  applied.  The  remaining  70  to  Is  either  precipitated  by 

complex,  or  finally  immobUlzed  by  the  soli  microorganisms.  It  Is 
now  evident  that  Che  role  pleyed  by  soil  microorganisms  Is  relatively 
minor  and  that  chemical  precipitation  and  physicochemical  absorption 
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play  the  major  roles.  Therefore,  the  process  by  which  soil  P Is 
rendered  Insoluble  and  slowly  available  to  plants,  "fixation”  or 
"retention",  Is  of  considerable  Importance  In  plant  nutrition. 

Phosphorus  Fixation 

The  process  of  P fixation  was  recognized  as  early  as  16^0  when 
Way  (ISI)  poured  water  solutions  of  sodium  phosphate  and  guano  In 
dilute  sulfuric  a;Id  over  e layer  of  calcareous  soli.  All  of  the  P 
was  retained  by  the  soil  which  suggested  that  an  Insoluble  calcium 
phosphate  was  formed. 

Since  that  time,  the  literature  concerning  P fixation  has  become 
voluminous  and  has  been  critically  reviewed  by  Hidgley  (93),  Wild 
(197),  Dean  (42),  and  Hemaall  (66).  The  two  most  accepted  theories 

The  Investigators  who  support  the  adsorption  theory  (19,  SS,  90, 
99,  126)  have  tried  to  show  that  fixed  P Is  In  an  exchangeable  form 
and  that  It  can  be  replaced  by  other  anions.  Hydroxyl  Ions  (128,  135) 
arc  quite  effective  In  replacing  or  liberating  adsorbed  P,  but  In 
some  Instances  It  Is  1 1 Icely  that  the  fixing  complex  was  partly  dis- 
solved due  to  Increased  alkalinity. 

Citrate,  oxalate,  silicate,  and  fluoride  Ions  are  also  reported 
to  be  capable  of  displacing  phosphate  Ions  which  are  fixed  by  soils 
(41.  44,  135,  141).  Host  of  the  scientists  supporting  this  theory 
heve  worked  with  purified  colloids  or  specially  prepared  soils  and 
used  water  as  the  extracting  medium;  thoreforo,  the  Importance  of 
such  fixation  under  actual  field  conditions  Is  not  well  established. 

According  to  the  chemical  precipitation  theory,  phosphates  nay 
be  chemically  fixed  by  precipitation  with  soil  bases  under  acid  or 


H,PO-=Ei(K(H,Q)/,H,PO^ 


SIO,:(Fb,0j.A1,03)  rU.o  o, 


19 

found  that  the  reduction  In  phosphate  sorption  capacity,  due  to 

Fe  that  was  soluble  In  the  extracting  reagent.  He  established  a 

0.002  ^ sulfuric  acid  and  the  percentage  reduction  In  the  phosphate 
sorption  capacity  that  resulted  from  acid  extraction.  A similar 
correlation  was  not  found  with  Al. 

2)  Iron  and  Al  have  been  removed  from  soils  and  soli  colloids 
and  the  effect  on  phosphate  sorption  hes  been  studied. 

Toth  (IhO)  and  Kelly  end  HIdgley  (74)  used  the  hydrogen  sulphide 
aethcd  of  Orosdoff  and  Truog  (44)  to  show  that  the  removal  of  fe  and 
Al  oxides  from  soil  colloids  reduced  P fixation.  Similar  results 
have  been  reported  by  severe!  ocher  Investigators  (12,  30,  35)  after 
removal  of  the  Fe  and  Al  by  a slightly  modified  hydrogen  sutfAlde 
ma  chod. 


colloids  and  the  effect  of  P fixation  has  been  studied.  Wolkoff  (158) 

rock  phosphate  reduced  the  amount  of  phosphate  dissolved  by  0.2  N 
nitric  acid.  Aluminum  chloride  had  no  effect.  Doughty  (45)  saturated 
a peat  soil  with  Fe  end  Al  Ions  by  leaching  with  solutions  of  Ferric 

Teakle  (137)  found  Chat  precipitation  of  phosphate  was  greatest  with 


pH  6,8.  HcSeor^e 


Fe  at  pH  3 end 

with  Al  et  pH  6,8,  HcSeorge  and  Breazeaje  (87)  and 

Ste) ly  end  Pie 

rre  (133)  reported  results  of  the  effect  of  pH  on  the 

sol ubi 1 i ty  of 

Fe  and  Al  pi.osphace  minerals.  Scally  and  Pierre  found 

wavelllte  and  varisctte  was  In  Che  pH  range  4.5  to  7.0  and  of  the  Fe 
^osphate  minerals  vivlanice  and  dufrenite  In  the  pH  ranges  3,0  to 
7.0  and  pH  3.0  to  8.0,  respectively, 

Oodghty  (45)  studied  Che  retention  of  phosphate  by  a peat  sol) 
over  the  pH  range  3 to  10.  He  attributed  P retention  et  low  pH 
values  to  Fe  and  Al,  Scarseth  (128)  found  that  the  greetest  retention 
of  P by  an  electrodyal Ized  bentonite  titrated  with  sodium  hydroxide 


was  at  pH  6 to 

7.  He  thought  this  was  due  to  a reaction  of  the 

phosphate  wl  tl 

the  Al  of  the  clay  mineral.  Black  (12),  working  with 

Cecil  clay,  f o 

und  a maximum  In  the  phosphate  sorption  curve  at  pH 

3 to  4.  which 

le  thought  was  dua  to  hydrous  Iron  oxide.  He  found 

chat  Che  amount  of  P that  was  retained  at  this  maximum  was  reduced 

maximum  In  the  phosphate  sorption  curve  at  pH  6 to  7,  which  he  found 


with  e sample 

of  kaollnite,  wes  due  to  absorption  by  free  aluminum 

hydroxide.  Tl 

e A)  was  thought  to  solubilize  slowly,  especially 

had  shifted  to 

pH  5 to  6. 

*^e  concentration  of  P In  the  soil  solution  In  alkaline  or 

I)  Precipitation  as  dicalclum-phosphate. 

An  Increase  In  the  soil  pH  favors  the  formation  of  diphosphate 
Ions.  In  addition  the  solubility  of  the  Ca  orthophosphates  decreases 


irder  mono,  d[,  ond  Crlcalcli/m  ^osphacs.  In  most  alkaline 
e activity  of  Ca  Is  high.  This  coupled  with  a high  pH 
ha  precipitation  oF  relatively  Insoluble  dicalclum  phosphate 


Way  (1$!)  end  Voeicker  {IhS)  supposed  that  an  Insoluble  Ca 
phosphate  Is  formed  when  a soluble  phosphate  Is  nixed  with  soil 
containing  calcium  carbonate.  This  Insoluble  P was  assumed  to  be 
either  dicalclum  phosphate  or  tricalclum  phosphate,  chough  Che  latter 
was  thought  to  be  produced  In  all  soils  containing  more  than  a trace 


carbonate-apatite  In  soils  containing  a high  percentage  of  calcium 
carbonate.  Dean  (l»0)  fractionated  the  P contained  In  the  slightly 
calcareous  soli  at  Rothansted  and  concluded  that  P applied  as  super- 
phosphate was  retained  as  tricalclum  phosphate  or  apatite,  Haclntlre 
and  Hatcher  (SI)  also  made  Che  suggestion  that  fluorapatite  was 
formed  In  calcareous  soils, 

Haclntlre  and  Shaw  (S2)  showed  that  dicalclum  phosphate  mixed 
with  calcium  carbonate  and  distilled  water  and  kept  under  laboratory 
conditions  undergoes  slow  transformation  to  tricalclum  phosphate. 
Thirty  percent  of  the  dicalclum  phosphate  was  converted  to  the  CrI- 
calcium  form  In  Che  first  week,  but  efter  12  acnths  40%  of  the 
dicalclum  phosphate  reroalned  unchanged.  They  also  suggested  Chat  Che 
dicalclum  phosphate  probably  persists  In  moderately  limed  soils  for 
a considerable  period. 

2)  Precipitation  of  phosphate  Ions  on  the  surface  of  calcium 


This  occurs  In  soils  Chat  contain  free  calcium  carbonate.  The 
end  product  of  Che  reaction  seems  Co  be  a relatively  Insoluble  salt 
of  Ca,  P.  and  perhaps  COj  or  Oh'. 

3)  Retention  of  phosphates  by  clays  saturated  with  Ca, 

These  clays  are  capable  of  retaining  greater  amounts  of  P chan 
those  saturated  with  Ha  or  other  monovalent  Ion.  A linkage  such  as 
clay-Ca-H^POh  has  been  suggested. 

Pratt  and  Thorne  (115)  showed  that  Ca-saturated  clays  fix  far 
more  P In  the  alkaline  range  chan  Na-sacurated  claysi  and  that  the 


Ca  clay  fixes  more  P as  Che  pH  Is  Increased  as  would  be  expected 
from  tho  decreasing  solubility  of  Ca  phosphates  with  Increasing  pH. 

Another  interesting  aspect  of  P fixation  in  soil  Is  the  form 
chat  applied  P generally  assumes.  Chang  and  Jackson  (32)  stated  chat 
Che  distribution  of  soil  Inorganic  P measures  Che  degree  of  chemical 
weathering;  the  chemical  weathering  sequence  Is  Ca*phosphate — p 
Al-phosphate — sPe-phosphate  and  final 1y  occluded  phosphate.  In  two 
iacosois  they  found  Ca-phosphace  (1%),  Al-phosphate  (0-3%).  Pe- 
phosphace  (10-13%).  and  occluded  phosphate  (66-7^).  They  concluded 


that  the  distribution 


controlled  by  the  activities  of  the  various  Ions  which  reflect  soil 
pH.  age,  drainage,  and  nlneraloglcal  nature. 

Chang  and  Chu  (33)  found  that  soluble  P added  to  six  soils,  with 


pH  values  ranging  fnom  5.3  to  7.5,  and  kapt  at  field  moisture  capacity 


In  two  latosols  the  airounl  of  Fe-P  surpassed  Chat  of  Al-P,  After  100 
days  of  flooding,  Fe-P  beceme  the  dominant  Form  In  all  six  soils. 

With  time.  A1  and  Ca-P  gradually  changed  Co  the  less  soluble  Fe-P. 


trdnsfoinatlon  Increasing 


Rhode  Island  Experiment  Station  found  that  after  65  v^^rs  of  P 
fertilization,  superphosphate  Increased  the  Al-P  fraction  most  with 
smaller  Increases  for  Fe-P  and  Cd*P,  The  organic  P fraction  was  not 
greatly  affected  by  various  levels  and  sources  of  applied  P. 
Hortenstlrre  (69)  Investigated  the  effect  of  lime  and  P fertilization 
In  Lakeland  fine  sand.  He  obtained  significant  Increases  In  water 

Al-P  fraction, 

FIskell  and  Spencer  (l|8)  Investigated  a Lakeland  fine  sand  where 
25  tons  of  lime  and  13,460  kg  of  P/he  were  applied  to  citrus  over  a 
6-year  period.  They  found  that  P forms  were  Al-P  >Fa-P  > Ca-P. 
Robertson  and  Hutton  (119)  studying  the  retention  of  fertilizer 
elements  In  a Red  Bay  fine  sandy  loam  found  an  Increase  In  the  Al-P 
fraction  from  30  to  414  kg/ha  In  a period  of  7 years.  The  Fe-P 
fraction  Increased  from  69  to  274,4  kg/ha. 

Yuan  et  al ■ (I60)  Investigated  throe  different  Florida  soils. 

Red  Bay  fine  sandy  loam,  Leon  fine  sand,  and  Nonfolk  loamy  fine  sand. 
They  found  that  after  treating  the  soils  with  six  P levels  and  then 
separating  the  various  forms  of  P by  the  fractionation  method  of  Chang 
and  Jackson  (Jl)  over  81K  was  retained  as  Al-P  and  Fe-P.  Less  than 
lOX  was  In  the  water  soluble  and  Ca-P  forms.  The  ratio  of  Al-P  to 
Fe-P  Increased  with  the  rates  of  applied  P for  the  three  soils. 

This  was  more  evident  for  Red  Bay  fine  sandy  loam  and  Norfolk  loamy 
fine  sand  than  for  Leon  fine  sand. 
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Robertson  et  al . (118)  working  with  Rod  Bay  fine  sandy  loan 
and  Norfolk  loamy  fina  sand  which  are  high  In  AI  and  Fe  Found  that 
after  two  years,  246.4  kg/ha  of  P from  concentrated  superphosphate 
app] led  to  the  FI rst  soil  raised  the  total  P 106.4  kg/ha  of  whi ch 
60-5.  31.0.  and  5.6  kg/ha  were  present  as  AI-,  Fa-,  and  Ca-P, 
respectively, 

Hortenstlne  (70)  Investigated  Lakeland  sand  and  Leon  Fine  sand 
from  Florida,  and  Puletan  loamy  fine  sand  from  British  Honduras, 

He  reported  that  liming  these  soils  at  rates  of  0,  2,240,  4,480,  and 
6,720,  kg/ha  resulted  In  linear  Increases  In  P fixation,  Host  of  the 
adsorbed  P was  present  as  Al-P  In  each  of  the  soils. 

Lining  and  Phosphorus  Availability 

Lining  soils  reduces  soil  acidity  and  supplies  Ca  or  Ca  and  Hg 
to  plants.  Albrecht  and  Kleeioe  (3)  reported  that  application  of  llna- 

P content  oF  lospedaza  forage  over  that  contained  In  plants  fron  soils 
receiving  superphosphate  elone.  Data  by  Davis  and  Brewer  (39)  Indicated 
that  liming  soils  low  In  Ca  enabled  corn  and  oat  crops  to  utilize 
larger  quantities  of  P supplied  by  superphosphate. 

Sewell  and  Latshaw  (129)  Found  that  Increasing  quantities  of 
line  Increased  the  P content  of  the  first  and  second  cuttings  of 
alfalfa  grown  on  an  acid  mineral  soil  to  which  superphosphate  was 
added.  Line  alone  had  little  effect  on  P absorption.  Lawton  and 
Davis  (7d)  studied  the  effect  of  liming  two  strongly  acid  Rifle  peat 
soils  on  the  growth  and  absorption  of  soil  and  fertilizer  P by  field 
beans,  sudangrass,  and  corn  under  greenhouse  conditions.  They  found 
that  the  dry  wal^t  of  field  beans  was  markedly  Increased  by  applying 


3 tons  per  acre  was  applied,  (.lining  had 
a yield  of  sodangrass.  Plant  P concancra- 


op  to  12  tons  of  caiclun  carbonate  p< 
depressed  when  more  than  3 tons  per  i 
1 1 Itle  or  n 

tions  were  depressed  b; 
this  was  probably  due  ti 
In  the  sol  1 sol ution. 

Robertson  et  a1 , (MB),  working  with  Florida  soils  In  pot 
tests,  found  that  liming  soils  relatively  low  in  residual  P increased 
the  aval labi T I ty  of  applied  P to  pH  6 to  when  the  sesquloxlde 
contents  of  the  soils  were  high,  but  had  no  effect  where  the 
sesquioxides  were  low.  Liming  these  soils  above  pH  6 or  6.5  caused 
the  percentage  of  P in  the  plant  from  the  fertilizer  to  level  off  or 
decline.  Ke  speculated  that  this  was  due  to  the  formation  of  rela'* 
tiveiy  unavailable  tricaiclum  phosphate.  Liming  soils  high  In 
residual  P reduced  the  availability  of  fertilizer  P regardless  of 

phosphate  was  highest  from  the  soils  high  in  sesquioxide  content 
irrespective  of  rate  of  liming. 

Peech  (III)  also  found  that  the  correction  of  excessive  acidity 
of  sandy  Florida  soils  by  liming  not  only  assured  adequate  supplies 

tended  to  conserve  the  (Tore  valuable  fertilizer  constl  tuonts.  He 
found  that  Incroasihg  the  application  of  lime  caused  an  Increase  In 
the  amount  of  readily  available  P as  determined  by  Truog's  method. 

Oavl s and  Brewer  (39)  grew  Austrian  winter  peas  f PI  sum  arvensei 
and  common  vetch  iVieia  sativai  with  various  forcilizer  treatments 
at  a number  of  locations  on  upland  soils  of  Louisiana.  The  results 
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shCMCd  Chat  liming  soils  lOrf  In  Ca  enabled  the  crops  to  utilize 
larger  quantities  of  the  P supplied  by  superphosphate,  Liiw  alone 
produced  an  increase  in  Ca  concentration  only,  but  Hire  plus  super- 

Llnlng  acid  soils  to  increase  the  availability  of  P to  plants 
has  become  a comnon  practice  In  the  humid  regions  of  the  temperate 
zones.  The  soils  in  the  tropics  have  not  been  studied  as  closely  as 
temperate  soils,  and  kruMiedge  of  the  effects  of  lime  on  tropical 
soils  Is  still  limited  end  controversial. 

Venema  (II46]  stated  that  the  connection  between  the  pH  and  Ca 
status  of  temperate  zone  soils  Is  frequently  absent  In  sub-tropical 
and  tropical  soils  aad,  tharefore,  tha  dominant  role  of  Ca  In  soils 
of  temperata  climate  Is  taken  over  by  other  cations  In  soils  of  the 
tropics,  especially  by  A1.  Consequently  In  tropical  soils  Che  normal 
correlation  between  pH  value,  Ca  status,  and  lime  requirement  vanishes. 

In  recent  years  the  problem  of  liming  acid  soils  of  the  tropics 
has  received  some  attention.  Hardy  (62)  working  with  sugar  cane  soils 
In  Cuyana  found  the  effect  of  liming  was  highly  beneficial,  Awan 
(8),  In  field  experlicents  conducted  at  El  Zamorano,  Honduras,  reported 
that  highly  significant  yield  Increases  were  obtalnad  when  an  acid 
soli  (pH  5.5)  was  limed  to  pH  6.6,  The  highest  yields  were  obteined 
on  plots  receiving  both  lime  and  P,  Corn,  sorghum,  beans,  and  cowpeas 

fixation  of  P Is  so  critical  In  many  tropical  soils  that  high  rates 
of  P fertilizers  are  required  for  adequate  plant  nutrition.  A 
tempting  solution  to  the  problem  Is  the  assumption  chat  P availability 

Izatlon  may  not  apply  In  the  tropics. 
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Russell  end  Richards  022}  reported  that  In  Che  tropics  and  sub- 
tropics, lining  only  Improves  crop  yields  on  very  add  soils  and 
usually  reduces  yields  on  moderately  acid  soils, 

Chemical  Soil  Tests  for  Available  Phosphorus 

Many  methods  of  measuring  available  P have  been  proposed  as  the 
basis  for  ferclllzer  reconrnendatlons.  Such  decermlnatlons  In  anyone 
group  of  soils  by  different  methods,  however,  frequently  results  In 
conclusions  chat  differ  with  respect  to  the  P status  of  Che  soils 

measuring  soli  P Is  not  always  easy. 

In  general,  the  soli  P evellable  to  plants  may  be  evaluated  by 
using  an  extractant  that  will  remove  P related  to  that  available  Co 
plants.  In  order  to  make  these  studies,  it  Is  necessary  Co  corrclaca 
the  P removed  by  a particular  extractant  with  yield  data  over  a period 

Various  extractants  such  as  Inorganic  acids,  organic  acids,  pure 
or  carbonated  water,  dilute  alkali  solutions,  and  buffered  salt  solu- 
tions have  been  proposed  for  these  studies.  Sulfuric  acid  has  been 
used  by  a number  of  Investigators  (10,  143).  Bray  and  his  associates 
(21,  22,  23)  developed  extracting  solutions  that  Include  the  fluoride 
Ion  for  replacement  of  adsorbed  P from  the  anion  exchange  complex  of 
the  soil.  Olsen  at  el . ( 1 04)  advocated  the  use  of  0.3  H sodium 
bicarbonate  at  pH  8.5,  which  they  claimed  to  be  well  suited  For  pre- 
dicting Che  available  p status  on  both  acid  end  alkaline  soils, 

Saunder  (125)  has  suggested  the  use  of  a drastic  reagent,  hot  0.1  N 
caustic  soda,  for  determination  of  available  P In  tropical  soils. 


The  National  $oM  and  Fertilizer  Research  Conmlttee  on  Soil 
Testing  (lOO)  conpared  a number  of  chemical  tests  Involving  7^  soils 
which  varied  widely,  but  whose  F requirements  were  known.  I t was 
Found  that  the  chemical  tests  agreed  batter  with  greenhouse  tests  than 


more  suitable  for  alkaline  soils  than  For  acid  soils,  and  strong  acid 
extractants  were  more  satisfactory  for  testing  acid  soils. 

Franklin  and  Relsenauer  ($0)  compared  NaOAc,  NaHCO^,  and  Bray 
methods  I end  2 (0.03  N NH^F  * 0.02$  N HCI  and  0.03  N NHi,F  4 0. 1 N 
HCI)  with  17  Washington  soils.  Both  the  KaOAc  and  NaHCOg  extractants 
proved  to  be  satisfactory,  but  the  latter  correlated  better  with  plant 
response.  In  Hew  Hexico,  Pack  and  Gomez  (109]  tasted  the  relative 
merits  of  NaHCO^,  CO2  ~ H^O,  H2O,  and  Bray  methods  on  soils  that  were 
usually  planted  with  cotton  or  alfalfa,  and  concluded  that  water- 
soluble  P gave  the  best  measure  of  available  P 


Robertson 


(117)  made  a 
IS  a quantitative  lesasure 
9 Florida  soils  with  corn 


various  chemical 
Correlations 
ndlcator  plant.  The 


that  the  Truog  method  most  nearly  characterize 

capacity,  Che  Truog  method  was  satisfactory  on 
residual  P was  present  it  did  not  remove  suffi 
residual  P was  In  the  order  of  56  hg  P2^g/ha, 
HH^F  4 0.025  H HCI)  was  satisfactory.  When  th 
224  kg  PjOj/he.  Bray  2 (0.03  N NK4F  4 0. I H HC 
of  the  aval lable  P, 


Truog,  Results  showed 
the  available  P In 
s wl th  high  P fixing 


ray  1 extractant  (0.03  ^ 
residual  P was  over 


Smith  and  Cook  (131) 


coifipsrlson  between  6ray  I and 


methods  end  Spurwey’s  method  (0.016  h eoetic  acid)  with  |1t  different 
soils  of  Michigan.  Both  of  Drey's  methods  provided  e considerably 
clearer  picture  of  P evallablllty  because  the  fluoride  In  the  extract- 
ing solution  removed  the  adsorbed  P.  An  extracting  ratio  of  1 pert 
of  soli  to  50  parts  of  extracting  solution  gave  better  results  then 


Salomon  and  Smith  (125)  studied  a slit  loan  soli  of  moderate 
acidity  which  had  received  P from  several  sources  for  48  years  followed 
by  10  years  without  additional  P.  Available  P was  determined  by 
several  methods  Including  Bray  I and  2,  Truog.  Peach,  Thornton,  Morgan, 
Olsen,  end  sodiian  acetate  pH  5.7  * HaOH  0.1  The  Peech  and  Truog 

methods  gave  the  best  Indication  of  probable  crop  response  to  P, 

Vieir  (153)  estimated  the  available  P of  12  soils  In  Jamaica, 
with  vorlous  chemical  methods.  He  found  that  the  0.002  N sulfuric 
acid  method  by  Truog  was  tha  best  Indicator  followed  In  decreasing 
order  by  the  0.03  ii  HH4F  + 0.1  HC1  method  of  Bray;  the  0.5  sodlLsn 
btcerbonete  method  of  Olsen;  the  IC%  sodium  acetate  method  of  Morgen; 


and  the  0.1  N sodium  hydroxide  method  of  Saunder. 

Chang  and  Chu  (33)  classified  26  soil  samples  Into  3 groups 
according  to  thei r P distribution  patterns,  namely,  (I ) soils  dnml* 


dominating  In 
Bray  I , Bray 
methods.  Val 


(2)  soils  dominating 
;a-P.  Available  P was 
, Bray  4 (0.5N  HK;,F<-0. 
!s  for  available  P In 


.la  HCI). Truog.  and 


highly  correlated.  For  the  sec 
Bray  4,  North  Carolina,  Truog, 


highly  correlated. 


Bray  2,  Bray  4, 


North  Carolina,  and  Truog  methods  were  highly  correlated.  The  high 
correlation  coefficlence  wero  explained  by  the  slirtllarlty  In  Che 
selectivity  of  dissolution  of  Inorganic  phosphates  In  the  extractants 


Bingham  (II)  made 
currently  In  use 
Ke  estabi I shed  1 1 
method  for  the  s< 
acetate  solution 
Texas,  and  Alaska] 


an  Interesting  and  useful  survey  of  methods 
asurement  of  available  soil  P In  the  U.S.A. 

n which  Che  methods  were  used.  Thus,  for 
s (New  England,  Florida,  Mississippi, 

to  10  ppm  P were  low  for  most 
t solutions  Introduced  by  North 

methods  (central  and  mldwestern  states)  10  ppm  P or  less  was  low. 
Baker  and  Hall  (g)  compared  various  extractants  which  might  be 
superior  to  the  Morgan  method  for  predicting  the  P stetus  of  soils 

monCel,  and  CaCl2.  Tha  cast  values  obtained  by  one  method  were  not 

The  Bray  I method  was  most  accurate  for  predicting  plant  uptake  of 
P whi le  the  Purdue  method  was  least  accurate.  (Note: ) Purdue  method: 
(0.075  N Na^C-d.  s-  0,255  NaOK).  Expcrlmontal  method:  (0.002 
MCI  * 0.002  l(  NHxFjL  CaCI . method:  CaCI , 0.01  M. 


rtob]JJ,t^_o2_Pho5£horug_ln_Saridx_SoI,^ 

The  nutrient  elements  eontalned  In  fertilizers  a> 


(ray  be  washed  away  by  surface  runoff,  leached  fro!r 


lost  In  a gaseous  forcn,  or  retained  In  the  soil.  Those  elenants  h) 
In  the  soil  nay  renain  sc'uble  and  easily  available  to  plants  or  n 
become  difficultly  soluble  and  only  slowly  available. 

When  P fertilizers  are  applied  to  the  soil,  P Is  contnonly  re- 


proflle  In  which  It  has  been  placed.  Invariably  this  has  been  true 
In  loans  and  clays,  and  since  these  comprise  a large  part  of  the 
arable  lands,  the  concept  of  Immobility  of  soil  phosphates  has  been 
taken  largely  for  granted. 

Two  of  the  soil  factors  that  determine  to  e large  extent  the 
efficiency  of  fertilizers  are  fixation  of  Ions  Into  nonexchangeable 
and  difficultly  available  forms.  Fixation  presents  a serious  problem 
In  fine  textured  soils,  but  on  the  other  land,  leaching  of  soluble 


fertilizer  constituents  constitutes  an  equally  Important  factor 
governing  the  utilization  of  Ions  in  sandy  soils  of  low  natural 
ferti 1 1 ty.  Therefore,  when  dealing  wl th  sandy  soils,  It  appears  that 
sol ubi 1 1 ty  of  ferti I Izer  materl als  Is  not  necessarl ly  a good  criterion 
of  fertilizer  availability, 

Ozanne  et  al . (107}  showed  that  P from  superphosphate  nay  leach 
frcmi  sandy  soils  Instead  of  being  firmly  bound  In  the  surface  layers 
as  occurs  with  fine  textured  soils.  It  was  then  suspected  that  P 


tasted  for  their  capacity  to  fix  phosphate.  It  was  found  that  their 
fixation  capacities  were  accounted  for  by  their  content  of  Al  and  Pe, 


and  clays  although  tha  latter  soils  have  a far  higher  fixation 
capaci ty. 

Ozanne  (108)  used  In  a soil  of  deep  siliceous  sand  of  pH  5 
with  5-3%  organic  natter  In  the  0 to  10  cm  layer  and  showed  that  the 
distribution  of  radlo-P  fixed  down  the  profile  followed  a trend 
similar  to  the  distribution  of  organic  mattor,  suggesting  that  organic 
matter  strongly  influences  P fixation.  He  also  found  that  the  corre- 
lation coefficient  between  P fixed  and  organic  matter  content  was 
rwO.98.  These  additional  results  gave  evidence  that  an  Increase  In 

but  also  Its  ability  to  retain  P,  He  concluded  by  stating  that 
apparently  the  nutritional  problems  presented  by  sandy  soils  differ 
only  quantitatively  rather  than  qualitatively  fr«n  those  of  other 
sol  I s. 


Ozanne  et  al . (107)  measured  leaching  losses  of  P In  7 field 
trials,  on  loamy  sand  soils,  where  P was  broadcast  as  superphosphate, 

applied  P.  Lime  applications  at  the  rates  of  t|L8  and  1,680  kg/ha 


The  relationship  presented  by  Ozanne  et  al . (I07)  between  nativt 
P content  of  the  soil  and  Its  capacity  to  retain  applied  P Is  of 
Interest,  Solis  having  large  native  P contents  may  be  capable  of 
retaining  large  quantl ties  of  appi led  P fertl 1 1 zer.  The  following 
are  analytical  data  presented  by  several  Investigators: 


siSrS"''’  i: 
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y soils  of  Florida,  U 
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leaching  was  largely  eliminated  by  liming. 


trast,  some  soils  of  western  Florida  such  as  Dunbar  and  Harlboro  Fine 
sandy  loams,  showed  a high  fixation  of  P,  Nel ler  et  al , (102)  In- 
vestigated Leon  and  Inmokalee  fine  sends  and  found  that  I to  2 tons 
of  lime  applied  per  acre  reduced  the  loss  of  fertilizer  P from  the 
root  zone  considerably.  When  soil  pH  was  as  low  as  4. 5,  practically 

Spencer  (132)  working  with  soils  from  Che  Citrus  Experiment 
Station  at  Lake  Alfred,  Florida, Indicated  that  essentially  all  of 
the  added  P was  retained  within  the  citrus  root  feeding  zone,  even 
chough  It  may  have  been  leached  from  the  surface  IS  cm  of  soil.  Il^e 
greatest  accumulation  occurred  within  the  3D  to  90  cm  zone,  though 
some  P had  leached  to  a depth  of  2 m, 

Hortenstine  (70)  reported  that  liming  resulted  In  linear  In- 
creases In  P-flxatlon  capacity  of  three  soils  studied  under  laboratory 
conditions,  namely  Puletan  loamy  fine  sand.  Lakeland  sand,  and  Leon 
fine  sand. 

Experimental  work  on  the  fate  of  fertilizers  added  to  Che  soil 
has  been  performed  with  lyslmecers  in  the  open  under  natural  or 
artificial  rainfall,  with  soli  columns  In  the  laboratory,  and  with 
undisturbed  profiles  In  Che  field.  Recently  radioactive  isotopes  of 
P and  Ca  were  used  to  trace  the  movement  of  these  nutrients  In  Che 
soil  and  alsn  to  trace  the  uptake  by  plants. 

Fraps  (50  placed  soils  In  tubes  5 cm  In  diameter  and  3S  cm  long, 
mixed  I g of  superphosphate  with  the  top  7,5  om  of  soli,  added  100  ml 
water,  and  allowed  the  coluom  to  stand  24  hr. 


Then  water 
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ldt«d  through  the  column  until  1 liter  was  collected.  With  soils 
having  a high  fixing  capoclcy,  almost  no  P */a$  found  In  the  percolate. 
Later  several  refinements  of  this  basic  procedure  were  used  In  studying 
the  effect  of  fixation  and  fertilizer  properties  on  the  penetration  of 

Larsen  and  Warren  (77)  made  studies  on  the  leaching  of  In  5 
organic  soils  and  I mineral  soil.  Phosphorus  retention  appeared 
closely  related  to  the  sesquloxlde  content  of  the  soil  and  Its  apparent 
degree  of  decomposition.  Havord  (65)  In  Trinidad  Investigated  In  the 
laboratory  leaching  losses  and  residual  amounts  of  nutrient  elements, 
particularly  N,  P,  and  K from  fertl 1 Izars  addad  to  columns  of  soil. 

HIdgley  (gl ) In  Wisconsin  stud  led  movement  of  P in  sol  I s wl th 
special  reference  to  pasture  fertilization,  both  In  the  field  and 
under  controlled  laboratory  conditions.  Results  Indicated  that  little 
or  no  penetration  took  place  with  heavy  soils,  and  he  speculated  that 
with  coarse  textured  soils  appreciable  movement  may  be  expected. 

Stephenson  and  Chapman  (I3I1)  studied  the  extent  to  which  P 
penetrated  Into  certain  field  soils  which  had  recel ved  fertilizers 
for  several  years,  They  found  little  or  no  P penetration  In  very 
heavy  soils  regardless  of  the  amount  of  P applied.  In  nearly  all 
soils  which  received  P fertilizer  for  several  yaars  there  was  a 
marked  accumulation  in  the  surface  15  to  30  cm. 

Plant  Chemical  Composition  as  an  Index  of  Soli  FercMItv 

Yield  date  as  determined  by  field  or  pot-tests  have  been  the 
most  widely  accepted  criteria  for  evaluating  fertilizer  responses, 
while  plant  analyses  have  also  received  considerable  emphasis  since 
plant  composition  Is  affected  by  the  nutrient  content  of  the  growing 


thorough  knowledge  of  optimum  nutrient  requi rementp 


inedluni.  A more 

for  plants  may  be  obtained  by  a combined  study  of  these  criteria. 

Thus,  plant  analyses  at  the  maximum  yield  should  show  Che  nutrient 
requirements  of  such  critical  elements  as  Ca,  P,  and  K from  which 
more  efficient  fertilizer  recocsnendatlons  could  be  obtained. 

Niarerous  factors  often  operate  simultaneously  to  change  the 
chemical  composition  of  crops  and,  therefore,  It  Is  extremely  difficult 

cases,  Che  application  of  one  nutrient  element  may  create  sovero 
unbalanced  plant  nutrient  conditions  In  the  soil  mid  consequently  In 
the  chemicel  composition  of  the  crop.  In  other  ceses,  whore  one  or 
more  nutrients  are  supplied  by  means  of  fertilizers,  Che  result  may 
bo  Increased  upceke  of  several  other  essential  plant  nutrients. 

Effect  of  Soil  Properties  on  Plant  Composition 

Studies  dealing  with  the  relationship  between  soli  properties  and 
plant  composition  are  retaclvoly  scarce.  The  widespread  use  of 
fertilizers  to  correct  plant  nutrient  deficiencies  In  Che  soil  end 
the  difficulties  encountered  In  making  a proper  evaluation  of  Che  In- 
fluence of  soli  conditions  on  crop  composition  seem  to  be  the  mein  2 
factors  responsible  for  Che  lack  of  more  Information  on  this  subject. 
Host  of  Che  evalleble  literature  found  relates  to  grasses  or  cereal 

several  Investigators  {b,  37.  92,  llh)  have  observed  Chat  soils  of  a 

protein  and  P content  than  grass  produced  on  fertile  soils,  Vandecaveye 
and  Baker  (Ibj)  found  that  grasses  grovm  on  organic  soils  contained 


scnsller  aioounts  of  protein 


grasses  groirn  on  mineral  soils 


In  the  same  localities.  Fudge  and  Fraps  (52)  and  Oanlal  and  Harper 
(37)  reported  positive  correlations  between  the  H,  P,  and  Ca  con- 


centrations of  certain  grasses  and  the  available  supply  of  these 
constituents  In  the  soli. 


Pugsley  and  HcKIblln  (116)  ni 
calcareous  sol  1 s con 
ocher  soils,  Itussell  and  Watson  (123)  at 
soli  properties  have  a definite  effect  on 
barley  (Hordeum  vulaarel . When  barley  was 
ocher  crops,  fine  textured  soils  produced 


t grasses  produced  on  highly 
ie  same  species  growing  on 
Rochamsted  reported  thet 


loams  produced  grain  with  lowest  N, 

Willis  and  Harrington  (156)  working  in  Montana  found  that  the  P 
concentration  of  alfalfa  IHedIcaoo  saclva  L,)  served  as  a means  of 
detecting  soil  P deficiency.  Low  alfalfa  P concentrations  Indicated 
low  aval lable  P In  the  soil,  HI  liar  (94)  noted  that  alfalfa  grown  on 
fine  textured  soils  generally  contained  a higher  percentage  of  P than 
alfalfa  grown  on  coarse  textured  soils, 

Stubblefield  and  OeTurk  (136)  In  Illinois  grew  corn  (Zea  mavsl , 
oats  (Avena  spp, ) , and  wheat  (Trl ticure  vuloare)  on  two  different  soils, 
one  highly  productive  artd  the  other  of  low  productivity,  arrd  found 
that  the  low  productivity  of  one  of  Che  soils  was  mainly  due  to  poor 
drainage,  and  low  available  P and  K, 


Effects  of  Fartlllrers  on  Plant  Composition 

Several  Investigators  (5,  13,  76,  55)  concerned  with  the  effect 
of  H fertilizers  on  the  chemicel  composition  of  pasture  grasses  re- 


Increased  protein  In  pasture  grasses 


Izatlon.  Itortlner  and  Ahlgrcn  (95)  reported  Increases  In  protein  and 

lions  oF  N Fertilizers. 


Olson  and  Dreler  (109)  reported  that  N fartlllzars  stimulated 
plant  use  of  Fertilizer  P In  a wide  range  of  soil  conditions. 
Airmonlum  apparently  was  more  effective  than  nitrate  In  this  capacity, 
especially  during  early  growth  stages.  There  seamed  little  douht 
that  a physiological  Function  of  N stimulated  root  activity  In  the 
uptake  of  fertilizer  P.  Grunes  et  al . (58),  In  a growth  chamber 
experiment  with  barley  growing  on  seven  soils,  found  that  the  eddl- 
clon  of  N fertilizer  generally  Increased  total  P absorbed  by  the 


with  the  P band  was  more  effective  than  separating  the  H and  P bands. 
Indications  were  that  the  effect  oF  N on  P uptake  was  associated  with 
Increesed  top  and  root  growth  and  also  with  decreased  soil  pH. 

Negative  eFfects  of  N fertilizer  are  also  expected  to  occur. 
Hurray  at  al . (98).  Shutt  and  Hamilton  (130),  and  Vandecaveye  and 
Baker  (143)  reported  that  H fertilizers  had  no  effect  on  or  caused 
decreases  In  the  amounts  of  protein  In  pasture  grasses.  These  un- 
fevoreble  results  were  attributed  In  certain  cases  to  relatively 
small  N applications,  targe  applications  may  result  In  unbalanced 
plant  nutrient  conditions  which  interfere  with  the  normal  functions 
of  H In  plant  metabolism.  In  the  letter  ease,  fertilizers  containing 
other  deficient  plant  nutrients  may  be  needed  before  satisfactory 
results  can  be  obtained. 

Brown  (27)  found  that  N fertilizers  were  not  very  effective  In 


unless  they  were  supplemented  with  P.  Moser  (97)  used  Cecil  sandy 
loan  soil  In  a pot  experlnent  and  showed  that  Korean  lespedeza 
[LespedezB  stioulacea  HaKlml  and  Austrian  winter  peas  made  their 
optimum  growth  at  pH  6 to  6.5.  Plant  analysis  showed  that  Ca  con- 
centrations in  both  crops  were  Influenced  by  the  available  soil  Ca. 
Further  Ca  uptake  resulted  where  double  superphosphate  applications 
were  used  while  K in  combination  with  super^osphate  retarded  Ca 

where  pasture  grasses  are  grown  and  If  soils  are  acid  In  reaction,  lime 
is  usually  applied  as  a supplement. 

Brown  (27)  and  Robinson  and  Pierre  {120)  reported  definite  in- 
creases In  the  P end  protein  concentrations  in  pasture  grasses  when 
various  P Fertilizers  were  applied  to  the  soil.  Davies  and  Chippindale 
(38).  and  VInall  and  Wilkins  (Ih?)  found  larger  P and  Ca  concentrations 
In  pasture  grasses  produced  on  soils  treated  with  P Fertilizers  either 
alone  or  with  lima.  Crampton  and  FInlayson  (36)  found  that  P and  K 
Fertilizers  caused  no  significant  changes  In  the  composition  of 

In  general,  it  seems  that  N fertilizers  applied  to  pasture  lands 
are  expected  to  result  in  en  Increased  percentage  of  protein. 

Phosphorus  Fertilizer  alone  or  with  A also  tends  to  Increase  P content 
or  of  both  P and  K and  sonmtimes  of  P and  Ca. 

Part  of  the  flora  of  the  large  majority  of  pasture  and  grass 
lands  consists  of  clovers  and  other  legume  crops,  which  ere  capable 
of  utilizing  atmospheric  H For  their  own  growth;  therefore,  appllcetlon 


ti  ir  tha  majority  of  I 


Fr«quer>tly  Included 


micronutrient  dnelyeea  aaldon 


I n the  literature  It  la  dlFFIculL,  If  not  Imposslhla,  to  Find  plant 
nutrient  concentration  standarda  Indicative  of  critical  levels  For 

Kirk  et  a1 , (75)  reported  some  data  on  the  P concentration  In 
pan90la9rass  (Dlaltaria  decundiens  Stent.)  groirn  on  a tinmokalee  fine 
sand  at  the  One  faperlmenta]  Station,  Florida, as  follows  (Table  2): 

Table  2. --Phosphorus  applied  and  herbage  phosphorus  content. 


P In  Oven-dry  Panoolaorass 


Pert  1 1 1 rat  Ion 


Superphosphate 
Superphosphates  line 


Brown  and  Hollowell  (28)  reportod  comparative  data  For  P and 
Ca  concentrations  In  white  clover  FTrlfolTuni  rooens  L-)  growing  at 
different  stations  as  follows  (Table  3): 
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2.0 

i.l 


i; 

I 
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5 ? rates  on  yield  of  oats  growrr  on  a Lakeland  Fine  sand.  He  reported 
average  P concentrations  between  0.22%  For  a 28  Ib/acre  application 
and  0.2^  for  125  Ib/acre.  Calclun  concentrations  were  0.49%  at  the 
55  ib/acre  P application  and  0.59%  at  Che  III  Ib/acre  application. 


There  was  a linear  increase  in  P uptake  with  Increasing  applied  P. 

forage,  and  P fertilizer  had  no  significant  effect  on  Ca  concentration, 
Howard  and  Burdin  (71)  In  Kenya,  Africa,  working  on  a cninerai 
deficiency  survey  found  that  the  average  P content  of  1,500  forage 
samples  was  0.145%.  Apparently  Che  value  of  0.14%  Is  the  mlnlmuin 
level  of  forage  P required  for  normal  animal  grcMth.  Average  Ca  con- 
centration was  0.385%  which  was  half  the  normal  value  for  British 
pastures  (0.72%),  Average  Cu  content  was  7.4  ppm,  and  a good  pasture 
had  above  5 ppm  Cu.  Average  Mg  concent  was  0.18%  and  average  K was 


Jardim  (73)  made  a study  of  the  chemical  composition  of  foraga 
plants  from  pastures  In  Central  Brazil  and  reported  chat  pengoiegrass 
contained  0.23%  Ca,  0.05%  P,  and  23  ppm  Cu,  Tergas*  working  with 
Jaraguagrass  in  a hot  dry  savanna  In  Costa  Rica  reported  N concentra- 
tions as  high  as  1,44%  and  P as  high  as  0.19%, 


Tergas,  L,  E.  1558,  The  effect  of  nitrogen  fertilization  on 
the  movement  of  nutrients  from  a tropical  grass  under  soil  moisture 
stress  In  a hot  savanna.  Ph.D.  Thesis.  University  of  Florida, 
Gainesvl I le. 


miERIALS  AKD  METHODS 

The  selection  of  Che  eree  for  Investigeclon  wes  priisarlly  based 
on  Che  soils  irep  accompanying  Che  report  of  the  British  Konderas 
survey  teem  (1S9)>  In  this  report,  the  Coastal  Alluvial  RIne  Ridge 
soils  are  described  as  comprising  different  types,  as  follows  (Table  6): 


53  38,539 

538  IT.WO 


Sel  I Rarent  inaterlal 

Rulecan  loany  send  Coastal  deposits 

Puletan  shallow  loamy  Coastal  deposits 

sand  and  gravel ly 


53b  2I.M.2 

53e  34.721 


53d  19,287 


Puletan  coarse  sand 
Puletan  sandy  loan 
Puletan  loamy  coarse 


Coastal  deposits 
Coastal  deposits 
Coastal  deposi ts 


53e 


Puletan  grey  si  I ty 
sandy  loan 


53f 


Puletan  clay 


Cooscal  deposits 


In  the  Belize  area  Is  Puletan  sandy  loam,  53c.  Consequently,  this 
was  the  soil  selected. 

hS 


Ifowever,  the  soils  map  contained  In  the  report  of  the  survey 

different  kinds  of  soils  In  the  country,  it  was  a reduction  and  a 
simplification  of  the  information  shown  on  a set  of  8 sheets  covering 

provided  considerably  more  detailed  information.  According  to  this 
map,  consulted  at  the  Department  of  Agriculture  in  Belize  City,  the 
selected  area  of  soils  53c  actual ly  comprised  2 different  kinds  of 
soil,  which  were  identl fled  as  53c-aP  and  53c-aPs . thus  described: 

7.5  - 22.5  dm  grey  brown  silty  sandy  loam 
22,5  - 37.5  cm  yellow  sandy  clay  on  yellow  grey  mottled  sandy 


Other  features 

Drainage:  slow  to  poor 

Ground  water:  seasonally  at  15  - 37.5  cm 

Vegetation:  grass  and  sedge  savanna 

53e-aPs  ; Accumulating  Puletan  loamy  coarse  sand 

25  ' 37.5  cm  mottled  orange,  gray  brown,  compact,  clay  sandy 
Other  features 

Drainage:  slow 

Ground  water:  usually  at  30  - 35  cm 

Vegetation:  savanna  grass,  sedges,  and  a few  pines 


in  order  to  obtain  representative  soil  samples  of  the  area  to  ba 
studied,  two  si tes  'were  selected,  one  In  which  soil  53C'aP  was 
dominant  and  the  other  in  which  soil  53c-dP5  prevailed. 


reconnaissance  survey 


screw  auger  1 n long  and  2.5  cm  wide  marked  in  30  c«i  divisions.  An 
average  of  50  auger  borirgs  was  made  at  each  site.  The  exact  location 
la  indicated  In  Fig.  2 by  Roman  numerals. 

Soil  53c-aP  (SI te  I)  was  located  IS  km  west  of  HattlevI I le  and 
ISO  n north  of  the  paved  Bel Ize*HattlevI I ie-Caye  road.  Soil  53c-aP5 
(Site  ii)  was  located  8 km  from  Kattleville  and  120  m east  of  the 
paved  HattlevI I le-Boom  road. 


dimensions  of  the  pits  were  1x1x1  m.  Soil  samples  were  taken  from 
every  pit,  usually  at  depths  where  distinct  changes  in  color, 
structure,  texture,  or  consistency  occurred.  Notes  wore  made  on 
other  features  of  each  soil.  In  situ  (Table  79).  Four  bag  samples 


Before  sampling,  the  feca  oi 


stolon-root-mat  were  carefully  removed  and  discarded  before  applying 
a steel  measuring  tape  for  marking  the  sampling  depths.  Sampling 
was  done  by  means  of  a truncated  bricklayer's  trowel  sharpened  at  the 
cutting  edge,  A rectangular  piece  of  beveled  weed,  about  45  x 30  cm 
was  used  to  receive  the  soil  slices  cut  vertically  from  each  layer. 


brass  cylinder  with  a voiur.ie  of  68.7  cc. 
to  allow  easy  penetration  Into  the  soil  t 


US9  Of  d rubber  mallet.  In  all.  8 core  sainples  were  taken  at  Site  I 
and  10  at  Site  11,  They  were  ploced  In  polyethylene  baga  and  taken 
to  Belize  City  for  drying  end  ahiptcent  to  the  Univeralty  of  Florida, 
Wet  weights  were  taken  of  all  the  core  samples  for  calculation  of  pore 
space  and  water  content.  It  should  be  pointed  out  that  rain  fell 

were  attempted  at  the  bottom  of  soil  pi ts  For  I dent I fleet  I on  of  the 
soil  below  since  water  constantly  trickled  Into  the  pit  at  the  base 
and  from  the  walls.  Therefore,  the  full  depth  of  soil  examination 
was  never  more  than  I m.  The  profile  descriptions  are  presented  In 
the  Appendix  section, 

additional  larger  samples  were  taken  for  greenhouse  Investigations, 


Site  1:0-  22. S cm  depth  Surface 
below  37,5  cm  " Subsoil 

Site  II  : 0 - i;  cm  *'  Surface 
below  30  cm  " Subsoil 

The  zone  between  the  sampled  layers  w 


considered  transitional 


and  was  discarded. 

These  soli  semples  were  bagged  In  cotton  sacks,  transported  to 
Belize  City  and  dried  at  the  storage  house  provided  by  the  Harketing 
Board  of  Belize, 


In  order  to  eeguiro  more  Information,  other  samples  comprising 
almost  the  whole  set  of  the  Pule ten  soils  were  coll ected,  primarily 
for  laboratory  analysis.  Approximately  IS  kg  of  soil  were  taken  at 
five  dIFferent  places  at  depths  of  0-15  and  15-30  cm. 


Only  Puletan 
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coarse  sand,  53b,  was  not  sampled  because  this  soil  was  Inaccessible 
due  to  excessive  rainy  conditions. 

In  Oellze  City  the  soils  were  prepared  for  shipment  to  the 
University  of  Florida;  core  and  ba9  samples  ware  put  In  double  poly* 
ethylene  bags;  other  sanples  were  put  In  double  cotton  and  burlap 
sacks.  A total  of  3,1B2  kg  (wet  weight)  of  soil  were  air  transported 
toHlami,  Florida,  distributed  as  follows: 

Site  I ; Surface  soli  1,136  kg 

Subsoil  273  kg 

Site  II  : Surface  soli  1,340  kg 

Subsoil  318  kg 

Other  Puletan  soils  : 91  kg 

for  laboratory 

analyses  27  kg 

Soil  saoples  were  funlgatod  by  the  USOA  Plant  l^arantlne  Station 
on  arrival  In  HlamI,  Florida,  to  conform  with  regulations.  The  soils 
were  forwarded  to  Oalnesville  after  fumigation. 

Core  samples  were  oven-dried  at  105  C For  24  hr,  cooled,  and 
weighed  for  calculation  of  bulk  density,  poro  space,  ard  water  concent. 
Bag  samples  were  alr-drled,  passed  through  a 2 mn  sieve,  bagged  in 
polyethylene  bags,  and  stored  for  cheioica]  analysis.  Soils  for 

sieve,  and  stored  In  large  polyethylene  bags  for  Further  use. 

Laboratory  InvestI nations 

Soli  Physical  Weasurements 

Determlnstlon  of  sand,  silt,  and  clay  contents  was  made  by  the 


standard  Bouyoucos  method  {IS)  with  50  9 of  a1r*dr1ed  soil  and  the 
add  I lion  of  20  ml  ofdlsparslng  solution  (0.5  J1  sodium  carbonate  plus 
sodium  silicate).  Drastic  agitation  of  the  soil  vras  applied  for  30 
min  with  a HamI 1 ton  Beach  sol  I disperser.  Distilled  water  was  used 
to  wash  the  contents  of  the  cup  Into  the  special  large  cylinder  and 
to  mahe  volume.  The  hydrometer  reading  for  sand  percentage  was  talcen 
40  sec  after  the  contents  of  the  cylinder  had  been  thoroughly  shaken 
by  inverting  the  cylinder  several  times,  A large  rubber  stopper  was 
usad  to  close  the  cylinder.  The  hydrometer  reading  for  clay  percent* 
age  was  taken  after  an  Interval  of  I hr.  Percentage  of  silt  was 

from  loo.  Corrections  for  temperature  were  applied  In  every  deter* 


mlnatlon. 

After  the  I hr  reading,  the  suspension  wj 
300  sieve  and  materials  that  passed  through  tl 
The  portion  ri 


t of  sieves 


onsl sting  of  one  1 


washed  onto  a No. 
sieve  were  discarded, 
105  C and  shaken  on  a 


•f  Ho.  la,  35,  60, 


sand  fractions 


respectively. 


Sticky 
63).  The  va 


nt  was  determined  by  the  hand-kneadlng  process  (59, 
approximataly  coincides  with  the  "field  capacity"  of 
s usually  measured  by  determining  the  moisture  content 
os  been  saturated  by  rain  and  afterwards  allowed  to 


drain  by  gravl 


a determination  Is  believed  to  furnish  an  approx* 
amount  of  moisture  that  can  be  held  in  the  micro* 
of  the  colloidal  components  of  the  soli,  that  Is, 


of  capi I lary 


Involves 


pore  space,  expressed  as  volume  perceniage.  It 
CM  cneasurepients , namely,  sticky  point  moisture  content  {P)  and  sand 
content  (S).  With  these  values  P and  the  Index  of  texture  was 
calculated  from  the  following  formula:  Index  of  texture  ■ P - \f\  S 
(59). 


Soil  porosity  Is  Che 
occupied  by  solid  matter. 


In  a soil  containing  no  moisture,  the 


soil  porosity  determinations  are  based  upon  deternlnaclons  of  Che  bulk 
density  of  Che  soli  at  some  arbitrary  moisture  content  (15). 

Undisturbed  sol  I core  samples  were  taken  as  previously  explained. 

matter.  True  specific  gravity,  or  particle  density,  was  determined 
on  oven-dried  soil  ground  to  pass  an  80-inesh  screen,  with  a cc 
sped fic  gravl  ty  bottle  {I6)> 

finally  total  pore  space  {volume  percent)  was  calculated  from 
the  formula: 

Total  pore  space  ■ particle  density  - bulk  density 
Capillary  pore  space  volume  was  derived  from  the  Index  of 

Capillary  pore  space  • Index  of  texture  x bulk  density  (99). 

The  non-capillary  pore  space  was  assessad  by  subtracting  capillary 
pore  space  from  total  pore  space. 


relative  proportion  of  capillary 


1-capl I lary 


furnishes 


soil  structural  properties. 


should  have  the  pore  space  about  equall)'  divided  between  large  and 
snail  pores.  Such  a soil  should  have  sufficient  aeration,  pemeabllltv, 
and  water-holding  capacity  to  satisfy  Che  requi  reioencs  of  most  plants. 

The  porosity  characteristics  (total,  capillary,  and  non-capillary 
pore  space)  were  recorded  as  volume  percentages.  Oecerrel nations  were 
made  on  each  soil  sample  In  duplicate.  The  total  irolsture  content  at 
the  tine  of  sampling  was  partitioned  between  capillary  and  non- 
capIUary  pore  space.  The  difference  between  total  pore  space  and 
the  volume  of  water  In  the  non-capillary  pore  space  assesses  the 
volume  of  air  In  the  soil  at  the  tine  of  sampling.  This,  according 
to  the  literature  (61,  64},  should  be  at  least  10%  of  the  total  soli 
volume  for  proper  respiration  of  plant  roots. 

X-ray  diffraction  was  used  to  Identify  clay  minerals  present  In 
the  clay  fraction  from  the  0-15  and  37.S-S0  cm  horizons  of  Profile  I 
and  the  0-15  and  30-50  cm  horizons  of  Profile  ll«  Clay  samples  were 
prepared  for  ana  I y si s by  the  method  described  by  Whl cting  ( 154) . 

X-ray  diffraction  of  fig  and  K saturated  samples  was  mada  by  Cu 
radiation  wl th  hi  fl I ter  using  a current  of  10  me. 

Soil  Chemical  Weesurenents 

meter  Model  7,  containing  e glass  and  a calomel  reference  electrode. 

The  measurements  were  made  In  suspensions  with  distilled  water  and 
with  IN  XCI , with  a soil : I Iquid  ratio  of  I ; 2.5  In  both  Instances. 

Organic  matter  was  determined  by  the  wet  combustion  method  of 


Ualkley 


(143). 


5-KJe!dahl 


Total  N dotcrminatlon  followed  the  standard  macro 
method  with  5 9 ef  soil  as  described  by  Breland  (24).  The  C/h  ratio 
was  calculated  by  assurninj  75%  oxidation  of  C. 

Available  P was  detenslned  by  the  Truog  method  wl th  0.002  h 
sulfuric  acid  as  extractant  solution.  Phosphorus  In  the  extract  was 

band  (42,  72).  Organic  P determination  was  acconpllshed  by  the  method 
outlined  by  Aehta  el  el ■ (88).  Total  P was  determined  by  the  per- 
chloric acid  digestion  followed  by  colorimetric  reading  as  described 
by  Jackson  (72). 

Extraction  of  exchangeable  cations  was  accomplished  with  a 

to  the  method  described  by  Pecch  at  al . (112).  The  solution  extracted 

nitric  acid  solution  and  30%  hydrogen  peroxide,  and  evaporated  to 

hydrochloric  acid.  The  adsorbed  ammonia  was  leached  with  acidified 
sodium  chloride  solution  (pH  3)  to  determine  the  total  cation  exchange 
capacity  (CEC). 

Exchangeable  Ca  and  Hg  In  the  extract  ware  determined  with  the 
Hodel  303  PerkI n-Elmer  Atomic  Absorption  Spectrophotometer  at  wave- 
lengths 4727,  and  2882  A (75). 

assembly  at  765  and  569  ry  wavelength  (72). 


Ce,  Kg.  I 


e,dnd  Al  ware  determined  on  a 0. 
h hydrofluoric  acid  according  tc 


described  by  Jackson  (72). 


P FraetiQriatlon 


The  P fixation  capacity  of  the  Puletan  soils  was  studied  by  the 
procedure  described  by  Hc^rtenstlne  (70).  Ore  or  5 9 of  soil  were 
weighed  Into  a 100  ml  polyethylerto  centrifuge  tube  with  2S  to  50  ml 
of  a solution  of  known  P concentration.  The  tubes  were  shaken  for 
4 hr  and  centrifuged.  The  supernatant  liquid  was  arslyzed  for  P. 

remaining  In  the  centrifuge  tube  with  25  to  50  ml  of  a solution  of 
known  P concentration.  The  tubes  were  shaken  for  4 hr  end  centrifuged. 
The  supornatant  liquid  was  analyzed  for  P.  The  P removed  by  the  soil 

was  successivaly  extracted  with  Ih  NH^CI,  O.Sjl  NH^F  (pH  8.2),  0.ll( 
NeOK,  and  O.Sii  H^SO^  solutions  to  represent  water  soluble.  A)-,  Fe-, 
and  Ca>  phosphate,  respectively,  according  to  the  method  of  Chang 
and  Jackson  (31), 

The  effects  of  Time  on  P fixation  and  In  the  distribution  of  P 
In  Its  different  Inorganic  fractions  were  also  Investigated, 


Hobllltv  of  Phosphorus  in  Puletan  Soils 

with  fine  sintered  gloss  filters  were  used  in  these  studies.  Soli 
was  placed  in  the  tubes  between  two  I cm  glass  wool  pads.  The  glass 
woo]  pads  lessened  clogging  of  the  filter  and  prevented  compectlon 
when  water  was  added.  Each  soli  column  was  suspended  so  that  drainage 
could  be  collected  In  flasks  without  evaporation  losses.  Distilled 
water  was  poured  into  the  tubes  In  Increments  of  50  ml  to  a total 
amount  oquivalant  to  the  average  ralnfelT  registered  In  Belize  City 


ti-n  w 


during  the  rainy  period  (June  to  January)^  nairely,  around  1,00' 
Phosphorus  In  the  leaching  was  analyzed  after  every  addition  o 
had  passed  through  the  soil  column.  Uhen  P concentration  In  ti 
leaching  decreased  noticeably,  thi 
100  or  200  ml  before  P analysis, 
to  fact ) I tate  leach  I ng  of  sol  I s w 
The  following  experiments  we 

One  hundred  grams  of  topsoil  with  and  without  lime  were  put 
the  leaching  tubes.  Triple  superphosphate,  finely  ground  at  ret 
s thoroughly  mixed  with  Che  cop  ID  g of  S' 
IS  explained  earlier.  Soils  limed  at  rates  o 


th  high  clay  concents. 


column  was 
Experiment 


12,000  kg/ha  were  kept  at  const 
allowed  to  alr>dry  before  use  li 
were  In  triplicate. 

separately  at  105  C for  24  hr. 
ind  scored  In  polyethylene  bags  fi 
experiment  was  repeated,  excapt  ' 
to  the  soli,  water  was  applied  Ct 
. allowed  to  stand  for  4e  hr  and 


e experiment.  Al I 


he  portions  wi 


f practical  Importance  t 


w deep  P ferti 1 1 zer 


can  move,  or  at  what  depths  within  the  profile  P retention  occurs. 
A soil  profile  was  simulated  In  leaching  tubes  by  placing  soil  of 
the  different  horizons  In  successive  layers  as  It  occurred  In  the 
field.  The  errangeirmnts  were  as  follows: 


1.6 

1.3 

7 


I 
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inethfid  of  Chang  and  Jackson  was  used  to  stody  the  distribution  of  the 
retained  P in  the  different  inorganic  fractions. 


Available  Soli  Phosphorus  and  Crop  Yield  Study 

Four  chemical  methods  for  available  soil  P were  tested  and 
results  were  correlated  with  pangolagrass  yields  from  3 consecutive 
cuttings,  grown  in  the  greenhouse.  Two  surface  soils  were  used  * 
Puletan  sandy  loan  and  clay  loam.  The  methods  were  as  follows: 

I)  One  gram  soli  and  200  ml  of  0.Q02N  sulfuric  acid  extractant 
buffered  by  addition  of  3 g of  aiwonium  sulfate  to  produce  a pH  of 
3 In  the  final  solution  were  placed  In  a 300  ml  conical  flask  by  the 


and  P in  the  filtrate  was  determined  by  the  molybdophosphorlc  blue 
color  method  as  described  by  Jackson  (72). 

2}  five  grams  of  sandy  soil  or  2 g of  clay  loam  soil  were  placed 
In  a 1 00  ml  centrl fuged  Cube  wl Ch  35  ml  of  1^  emenni urn  acetate  (pH  4.8), 


The  suspension  was  shaken  for  30  min  and  centrifuged  (100).  The 
supernatant  solution  was  separated  and  used  for  P determination  by 


the  molybdophosphorlc  blue  color  method  as  described  by  Jackson  (72). 

3)  Five  grams  of  soli  and  35  ml  of  Bray  I solution  (0.03liHHuf  + 
0.025(1  HCI)  were  placed  In  a 100  ml  centrifuge  tube,  the  suspension 
sheken  for  I min,  and  filtered  (22).  Phosphorus  In  the  filtrate  was 
determined  by  the  molybdophosphorlc  blue  color  method  as  described 

by  Jackson  (72). 

4)  The  Brey  2 procedure  (22)  was  the  same  as  for  Bray  I,  except 
that  Che  excreccenc  was  fl.03H  NH^F  m O.OIN  HCI,  and  die  suspension 
was  shaken  for  40  sec.  Duplicate  samples  were  extracted  for  each 


t ChemlcBl  Analyses 

Plant  forage  and  root  samples  of  crops  grown 
dried  at  70  C and  ground  in  a Wiley  mill  to  p 
on.  One  gram  of  piant  sample,  if  available,  w 


muffle  furnace,  first  at  200  C for  30-60  min  and  then  at  650  C for 
1-2  hr.  The  salts  were  dissolved  In  HCI  and  diluted  to  a volume  of 
100  ml  0,  HCI , following  the  procedure  described  by  Jackson  (72). 

Hoot  samples  wore  corrected  for  soli  contamination.  Phosphorus,  K, 

Ca,  Hg,  and  Che  micronutrlents  Zn,  Hn,  Cu,  fe,  and  Ai  were  determined 
In  these  solutions. 

Phosphorus  was  determined  colorlmetrlcally  by  the  molybdenum 
blue  color  method  of  PIske  and  Subbarrow  (h7}>  Potassium  was  determined 
with  a Beckman  2-Du  Flamt  Spectrophotometer  (72).  Calcium,  Hg,  and 
the  micronutrlents  were  determined  with  a Model  303  Perkin-Elmer 

1,000  ppm  La  to  prevent  P interference,  as  described  by  Breland  (23)> 
Greenhouse  Investigations 


Puietan  clay  loam  and 
In  greenhouse  experiments. 

750  g of  well-washed  gravel 
were  applied  by  spraying  a , 
thin  layer  on  a table  while 


•andy  loam  were  the  only  soils  Investigated 
The  same  techniques  were  used  for  all 

were  placed  In  each  pot,  Fertilizer  salts 
tater  solution  onto  the  soil  spread  In  a 
being  repeatedly  turned  with  a trowel. 


Two  kilograms  o 


surface  sol  I fr 


if  subsoil  from 
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Table  7* — nutrient  quantities  and  sources  for  exploratory  study. 


AppI icatlon 

Nutrient 

Nutrient 

ourr. 

kg/ha 

g/pot 

N 275 

KHgNOj 

0.61 

1.74 

P 150 

NajKPO^.tfhjO 

0.75 

5.67 

K UU 

KCI 

0.91 

1.44 

Hg  275 

H9S0i,.7Hj0 

0.61 

5.71 

Fe  55 

FeCjKjOjISHjO 

0.12 

0.66 

Mn  40 

HnSO^, 

0.091 

0.174 

2n  20 

ZnSO^.fHjO 

0.046 

0.16 

D 4 

Najbi^Oy.  lOKjO 

0.009 

0.049 

Cu  4 

Cu(C2H302)2.Kj0 

0.009 

0.028 

Ho  4 

Na^HoQ^.ZKjO 

0.009 

0.015 

Preparation  of  pots  e 

d fertilizer  epptic 

tion  proceeded 

as 

previously  described.  Fifteen  to  20  seeds  of  tonato  var,  Rutgers 
were  sown  In  each  pot.  Germination  was  uniform  In  the  clay  loam  soil 


ndy  loam  soil  until  a uniform  s 
r holding  capacity  of  thl 


ind  was  obtained.  Possibly  the 
soil  accounted  for  Irregularity 


latlon.  fight  days  after  germination,  seedlings  were  thinnei 
pot  except  for  those  pots  lacicing  P,  where  the  total  number 


flowering 


1967)>  Soil  samples  wero 
' remaining  soil  and  gravel 


Ik  days  of  growth  (5  January  to  20  Mi 
taken  for  laboratory  determinations, 
wore  separated  and  returred  to  the  pots. 

Panoolaorass  plant  response 

Pangolagrass  was  Invnedl atel y planted  as  a second  crop.  1 
uniform  stolons  were  planted  per  pot.  Twenty  days  after  the  f 
harvest,  plants  started  to  show  foliar  symptoms  of  N and  K def 
clencles.  These  were  corrected  by  adding  H and  K fertilizers 
amounts  equivalent  to  the  original  applications.  No  othar  far 
I zers  were  appi led. 


The  forage  was  harvested  at  a height  of  3 cm  above  the  soil 
surface  pfter  45  dsys'growth  (6  Nay  to  21  June  I9$7)  and  after  an 
additional  60  days  (21  June  to  22  August  19^7).  hoots  were  collected 
following  the  last  forage  harvest.  Soil  samples  were  taken  from  each 
tredtment  for  laboratory  determinations.  The  remaining  soils  were 
again  returned  to  the  pots. 

Hairy  InOloo  olenc  response 

Hairy  indigo  was  planted  as  the  third  crop.  About  20  seeds  were 
sown  in  each  pot.  Saedlings  were  thinned  to  8 per  pot  I week  after 
the  seeds  had  germinated,  except  In  those  pots  lacking  P,  where  the 
maximum  number  of  plants  was  grown  In  order  to  have  sufficient 
material  for  analysis.  A suspension  of  plant  Inoculum  was  applied 
on  top  of  the  soil  In  those  pots  lacking  K,  when  the  seeds  had 
germinated.  The  indigo  plants  were  harvested  after  50  days  of  growth 
(7  September  to  10  December  1967)  and  roots  were  removed.  Final 
soli  samples  were  taken  for  laboratory  analysis. 


Lime  and  Phosphorus  Study 

Penooleorese  plant  reseoftse 

! Ine  and  P applied  to  surface  soils  of  Che  same  soil  profi les  In- 
vestigated In  previous  experiments.  Each  pot  also  received  a basic 
treatment  consisting  of  ail  other  nutrient  eiemencs  according  to 

Two  uniform  pangolagrass  stolons  were  planted  as  the  first  crop. 
Three  harvests  were  made , after  39  days'  growth  (3  Pay  to  1 1 June  I96S) 
after  an  additional  38  days*  growth  [11  June  to  18  July  1988),  and  39 
days  after  the  second  harvest  (18  July  to  20  August  I988).  Soli 
samples  were  taken  after  the  first  and  third  harvests  for  laboratory 
determinations.  Aoocs  were  removed  after  the  third  harvest. 

Pigeon  pea  plant  response 

Eight  Inoculated  seeds  were  sown  in  eecK  pot.  After  8 days,  seedlings 
were  thinned  to  S par  pot.  Twenty  days  before  harvest,  K fertilizer 
was  added  In  amounts  equivalent  to  ISO  kg/ha  to  all  pots  containing 
sandy  loam  soil,  which  helped  to  overcome  a K deficiency  shown  by 
the  plants.  Plant  tops  and  roots  were  harvested  at  the  flowering 
stage  after  43  days  of  growth  (28  August  Co  9 October  1988).  Soil 
samples  were  taken  for  laboratory  determinations  after  plant  harvest. 
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RESULTS 


wet,  to  Hght  brown  when  dry.  below  the  IS  cm  depth  to  27.5  cm,  the 
color  chengQd  to  even  lighter  brown  showing  a sparse  red  and  yellow 
mottling.  The  texture  of  this  second  layer  was  the  sane  as  that  of 
the  top  layer.  Changes  In  color  and  texture  became  clearer  In  the 
third  layer,  being  light  yellow  and  with  higher  clay  content  than 
the  above  layers,  Gley  features  were  present  though  not  Intense, 
elong  with  rod  and  yellow  notti Ings.  Deeper  sti 1 1 In  the  prof  I le 
the  soil  changed  abruptly  to  a reddish  color  with  very  high  clay 
content.  Gley  and  yellow  mottlings  were  typloel  and  abundant. 

The  structure  of  the  soil  was  granular  throughout  the  profile, 
fairly  strong,  and  wator-slabla.  The  aggregates,  when  rubbed  with 
water  between  finger  end  thumb,  broke  into  smooth  paste  having  paler 
color  than  the  aggregates  which  Is  a characteristic  feature  of 
pseudosand.  The  consistency  of  the  soil  was  sticky  and  plastic;  this 
feature  was  more  marked  below  the  27,5  cm  depth,  Vhen  dry  these  soils 
were  rather  hard,  especially  In  the  clayey  horleons. 

The  presence  of  gley,  and  red  and  yellow  Bottling  in  the  profile 
below  the  15  cm  depth,  indicated  the  occurrence  of  reducing  conditions 
within  the  zone  of  saturation  by  fluctuating  ground-water.  This 
sol  I prof  I le  was  sasrplcd  under  pars!  stent  rain.  In  fact,  the  entire 


profile  occurred  particularly  In 


the  area  located  north  of  the  Bel  Ize-Ha'.tievI  I le  road  and  east  of  the 


HattlevI I le-Boom 
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combination  with  other  Puietan  aoiia,  like  Puletan  sandy  slit  53e 
or  Puietan  loamy  sand  53a. 

consisted  of  sandy  loam  with  abundant  small  grass  roots.  The  coior 
was  rather  gray  and  became  iighter  when  dry.  The  sand  consisted  mainly 

surface  layer,  the  soil  became  finer  in  taeture,  though  stili  sandy 
and  the  color  was  paler  than  the  surface  layer.  However,  the  structure 
remained  the  same,  Deeper  still  and  alt  the  way  to  50  cm  depth,  the 

tions  of  the  presence  of  a fluctuating  water  table.  The  consistency 
of  the  soils  was  non-stlctcy,  non-coherant , and  friable  both  when  wet 
or  dry.  An  outstanding  feature  of  this  soil  was  compaction  which 
markedly  Increased  In  the  30-50  cm  depth  layer. 

This  soli  profile  was  also  sampled  urtder  persistent  rain,  The 
heavy  rainfall  made  possible  observation  of  Che  excramely  slow  down- 

depth,  Consequently,  water  that  passes  through  the  0-30  cm  layer 
either  must  build  up  or  run  laterally  on  top  of  the  compacted  layer, 

decreased  noticeably  and  water  trickled  constantly  both  from  the 
bottom  and  the  sides  of  Che  pic.  In  some  instances,  one  side  of  the 
pit  slipped  down, leaving  a concave  surface  which  made  sampling  work 
difficult. 


S8 

naiT«ly,  gray  g^ey,  and  red  and  yellow  moccl Ing  below  the  surface 
layer,  provided  evidence  that  low  rate  of  percolation  relative  to 
rainfall  Intensity  caused  waterlogging,  a characteristic  of  these 
soils,  especlany  during  the  rainy  period.  These  characteristics 
were  mentioned  by  other  Investigators  {34,  60,  158).  The  occurrence 
of  water  tables  also  served  as  an  Indication  of  restricted  drainage. 

Water  tables  may  be  either  permanent  (true)  on  temporary 
(perched),  the  first  being  associated  with  depressed  or  flat  topography, 
and  the  second  with  compaction  of  the  subsoil.  The  latter  may  be 
the  predominant  type  In  the  Pulecan  soils.  At  the  time  of  sampling, 
the  water  cable  was  within  the  0-50  cm  depth,  since  water  had  to  be 
balled  out  constantly  in  order  to  take  soli  samples.  Field  work 
was  conducted  at  the  beginning  of  the  rainy  season*,  therefore,  as  the 
season  proceeds,  water  tables  should  rise  and  reach  the  eoi 1 surface 

features  were  absent  In  the  surface  layer,  0-15  cm.  Indicating  that 
superficial  waterlogging  was  not  likely  to  occur,  at  least  for  extended 

and  results  of  leboracory  investigations  which  will  be  later  described, 
provided  evidence  for  the  difference  between  the  two  sampled  soils, 
although  they  were  considered  as  components  of  only  one  textural  type, 
namely,  Puleten  sandy  loam,  Visual  observation  of  the  original  soils 
map  gave  indication  that  the  area  of  soil  represented  by  Profile  II 
was  greater  then  Che  eree  represented  by  Profile  I.  Both  occupy  a 
total  of  36.721  Na  In  the  country.  Approximately  of  that  area 
Is  concentrated  close  to  Belize  City  and  Included  Che  soils  selected. 


Laboratprv  I nvast Jcations 


Soli  Physical  Heasuremenca 

Textural  classification  data  showed  that  coarse  texture  was 
predominant  among  the  Pulstan  soils  (Tables  9,  35).  In  fact,  about 
SCR(  of  the  total  area  occupied  by  these  soils,  comprised  soils  between 
the  sandy  loam  and  sandy  clay  loam  texture.  About  20%  was  clay  loam 

The  textural  classification,  according  to  this  Investigation, 
was  somewhat  different  than  that  given  by  Uright  at  al . (159)  In 


Tho  possible  explanation  for  these  differences  Is  that  textural 
class  I FI  cat  Ions  given  by  Wright  et  al . were  probably  estimated  dl rect- 


rcechanlcal  analysis.  The  soli  was  submitted  to  drastic  dispersion 
with  the  addition  of  an  excess  of  dispersing  solution  In  order  to 
breek  down  the  highly  eggregeted  soil.  It  Is  likely  that  data 
obtained  by  the  laboretory  method  will  show  higher  percentages  of 
silt  and  clay  than  sand.  Unfortunately,  UrI ght  et  al , did  not  state 
which  of  the  two  methods  they  used. 

The  data  for  particle  size  distribution  showed  that  In  almost 
ell  the  coerse  textured  soils,  50%  or  more  of  the  total  sand  f recti  on 


consisted  of  fine  and  very  fine  sand, 
may  explain  the  high  compaction  shown 
of  this  size  may  fill  the  pore  spaces 


t by  larger  particles,  leevlni 
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Table  IO.-*-Cofaparatlve  cextural  class] Ficatlon  of  Pulecan 


Texture 


53 

53a 


53e  Silty  sand  loan 

53f  Clay 


Sandy  clay  loan 
Sandy  loan 

Sandy  loan 
Sandy  clay  loan 
Clay 


0.3  imi. 


send  (0.5-0.2  m). 


(145), 


r of  the  profile  h 


content  (Table  37)>  In  Profile  11,  capillary 


and  low  clay  content, 
siren  (Table  37). 

^on-capl I lary  pc 


w,  varying  from  0.9  to  5%  due  to  high  sand 
s capacity  for  storing  water  should  be 


are  space  was  assessed  by  the  difference  between 
capillary  pore  space.  Its  value  indicates  not 
aot  room  within  the  successive  layers  of  the  soli 

i pull  of  gravity  and  the  maxlipun  degree  of  soli 


The  profile  diagrams.  Fig,  3,  clearly  Illustrate  the  variation 
In  magnitude  of  Che  non-capillary  pore  space  In  each  soil.  The 
general  cross  sectional  shape  of  the  non-capi I lary  pore  space  Is 
Indicated  by  Che  middle  area  In  each  profile  diagram.  According  to 
the  laboratory  data.  Profile  I,  which  had  an  Increasing  amount  of 
clay  with  depth,  presented  a non-capillary  pore  space  of  funnel  shape, 
that  Is,  wide  open  In  the  surface  layer  end  narrowing  with  depth  until 
It  was  closed  below  37.5  cm.  The  greeter  value  of  Che  non-capI I lary 
pore  space  In  the  top  layer  was  probably  due  to  the  high  organic 
matter  concent  plus  a relatively  high  sa.sd  content.  In  Profile  II, 
non-capillary  pora  space  was  of  the  parallel  chimney  shape,  uniform 
through  the  entire  profile.  Internal  drainage  Impedance  Is  most 
likely  to  occur  where  the  non-capillary  porosity  has  least  magnitude 

and  others  having  Che  same  characteristics  may  also  show  Impeded 
Internal  drainage  due  to  high  compaction  which  may  not  affect  the 
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PROFILE 


il r profiles. 
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. — Clay  minerals  present  in  Puleten 


Hoi loysl te 


Hetohal loysl ts 


Halloysite 
Kaollnite 
HuscovI te 
Hetohal loysl te 


7.3  Koollnlte  Kaollnite 

l».3  SIbbsIte 

3.6  Hetaholloysl te  Hetohal loysite 

3.3  lluartz  Quartz 


feldspars 
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qiiartz,  and  X Feldspars,  respectlvety.  The  subsoil  samples  showed 
peaks  at  7.3;  3>6|  and  3,3A,  which  Indicated  the  presence  of  kaollnlte, 
mecahal loysl Ce , and  quartz,  respectively. 

Results  showed  predominance  of  kaollnltlc  clay  In  both  soils, 

the  Belize  area  for  most  of  the  year.  Data  were  also  In  apparent 
aqreetnenc  with  Wright  et  al . {T58)  who  reported  X-ray  data  for 
Puletan  soils  showing  kaollnlte  and  metahal loysl te  as  the  predominant 
clay  minerals  present.  Contrary  to  Wright's  report,  montmorl I loni tic 
clays  were  not  detected.  This  type  of  clay  Is  likely  to  be  formed  In 


The  fact  tha  kaollnlte  was  consistently  present  In  Puletan  soils, 
supported  the  contention  of  Wright  et  al . 059)  that  Puletan  soils 
were  highly  weathered  and  In  an  advanced  stage  of  maturity.  Kaollnlte 
formation  In  chase  soils  was  probably  due  Co  a process  of  deslllcatlon 
In  which  SI  dissolved  and  remained  soluble  until  drainage  water  removed 
It.  According  to  hohr  and  van  Baren  (95)  complete  removal  of  SI  by 
intensive  deslllcatlon  could  cake  place  only  idion  the  soil  was  permeable 
and  subject  to  leaching  losses.  In  the  case  of  Puletan  soils,  SI 

subsoils,  as  was  demonstrated  earlier.  This  may  have  resulted  In  an 
Intermediate  deslllcatlon  and  consequent  formation  of  kaollnltlc  clay. 


Soil  Chemical  Measurements 

12,  39,  bo,  41.  Standards  for  comparison  and  assessment  of  the 
results  are  given  at  Che  bottom  of  Tables  12  and  39.  In  general,  pH 
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and  5-8.  Central ly  pH  values  for  surface  soils  were  slightly  higher 
than  those  of  deeper  layers.  Soils  with  rnore  sandy  texture  shotted 
more  uniform  pH  distribution,  ranging  between  8,0  and  8.5.  The 
generally  low  pH  values  were  most  likely  the  result  of  climate  end 

rainfall,  as  In  British  Honduras,  whereupon  the  soil  colloidal  exchange 
sites  become  largely  occupied  by  K and  Al,  Soil  pH  In  H2O  was  appre- 
ciably higher  chan  In  KC);  Che  difference  Indicated  possible  rapid  Al 


',  diminishing  consistently  with  depth.  Profile  I had 
high  concentration  of  8.99%  In  the  surface  layer.  The 

in  diminished  to  1.05%  In  the  18-27. S cm  layer  and  was  not 
it  lower  depths.  Prof!  le  1 1 contained  only  1.8^  In  the 

Total  H concantratlon  of  Puletan  surface  soils  ranged  from  0,50 
to  0.22%.  nitrogen  concentration  of  surface  layers  was  higher  In 
every  case  which  reflected  their  organic  matter  content.  Profile  I 
had  a high  K concentration,  0.21%  in  the  surface  layer, while  soils 
of  Profile  II  showed  a value  of  D.10%.  The  higher  N content  of 
Profile  1 , besides  being  related  to  organic  matter  content  fnay  also 
be  a result  of  non-symblotlc  N fixation  by  blue-green  algae,  which 
was  noticaabla  In  wettest  areas.  Algae  were  also  noticed  In  green- 


Host  of  the  Puletan  soils  had  C/N  ratios  slightly  higher  than 
the  critical  value  of  10  (I3B),  pertlcularly  In  the  surface  layers, 
which  denoted  Che  existence  of  Incompletely  deccmpcsed  plant  residues, 


411  acid  j gneoaa. 


Total  P values  ranged  from  28  to  124  ppm  In  the  surface  soil  and 
from  24  to  68  ppm  In  the  I5~30  cm  layer  depth.  These  low  values  were 
to  be  expected  In  Puletan  soils  as  well  as  In  most  of  the  soils  of 
British  Honduras,  since  they  were  derived  mainly  f 
metamorphlc,  and  sedimentary  rocks  tha' 
cause  of  the  absence  of  a mineral  source  it  would  be  logical  to 
assume  that  the  greater  part  of  soil  P was  derived  from  readily 
mineral Izable  organic  materials.  Organic  P was  low,  and,  as  expected, 
it  was  higher  where  the  organic  matter  content  was  high.  Organic  P 
diminished  markedly  with  depth.  Truog's  available  P was  low  In  every 
soli,  which  agreed  closely  with  previous  analysis  by  Hardy  at  al . 

(60)  and  Romney  (121). 

The  CEO  In  general  was  low  ranging  from  2.4  to  9.6  meq/IOO  g In 
surface  soils.  The  low  CEC  was  probably  due  to  the  following  factors: 

1)  Greater  part  of  the  clay  fraction  was  made  up  of  1:1  clay 
minerals. 


2)  Low  soil  pH. 

3)  High  Al  content  which  tended  to  form  AI(0H)j.end  block 

5)  1 nlense  weathering. 

closely  related  to  the  organic  matter  produced  by  the  processes  of 
cycling  and  decomposition,  CEC  decreased  in  the  I5'’30  cm  layer  due 
to  low  organic  matter  content  and  tended  to  Increase  again  In  deeper 
horizons  where  clay  content  increased,  especially  In  soils  type  53f 


Unfortunately  there  ere  no  standards  by  which  to  Judge  the  values 
found  for  total  Ca,  Hg,  K,  and  ha.  Therefore,  the  data  obtained  can 
only  be  Interpreted  In  relation  to  their  exchangeable  forms.  Howevei; 
the  potential  of  these  soils  to  produce  crops  without  fertilization. 
In  terms  of  these  elements.  Is  obviously  limited. 

In  general,  exchangeable  Ca,  Hg,  and  K were  extremely  low.  In 

compared  to  that  of  deeper  layers  and  In  both  profiles  the  90  cm 
layer  showed  higher  Ca  content  than  the  upper  layers.  This  finding 
agrees  with  Cherter's  contention  (54)  thet  these  soils  could  be 
enriched  by  Ca>charged  groundwater  from  deeper  underlying  calcareous 
sediments. 

Exchangeable  Hg  values  were  very  low  In  all  soils;  the  source 
of  this  element  should  be  granitic  rocks.  Exchangeable  K wes  also 
very  low.  Its  source  Is  K-bearing  minerals  such  as  feldspars, 
muscovite,  end  bloTite  whose  presence  In  these  soils  was  Indicated 
by  X-ray  diffraction  analysis.  There  was  no  definite  pattern  In  the 
distribution  of  K In  the  profile.  The  slightly  higher  K content  of 
some  surface  layers  was  probably  a result  of  translocation  of  K by 
vegetation  from  the  subsoil  to  the  surface. 

Both  total  and  exchangeable  Ha  appeared  to  be  high  in  Puletan 
soils.  The  source  of  Ija  In  these  soils  Is  most  likely  such  minerals 
as  feldspars.  Also  It  Is  possible  that  salts  may  have  Intruded  In 
these  savanna  soils  during  hurricanes.  As  Ha  Is  considered  non- 

for  plant  growth.  However  He  may  have  an  Indirect  boneficial  effect 
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Gaimon  (54)  showed  that  pangoTagrass  had  a very  high  K require* 
meat  for  (naincenance  of  maximuni  growth,  but  that  Na  was  capable  of 
substituting  for  approximately  two  thirds  of  the  K requirement  with- 
out causing  any  appreciable  reduction  In  growth. 

Sodium  possibly  helps  to  reduce  soil  acidity  so  that  the  environ- 
ment is  maintained  suitable  for  most  crops  despite  the  possible  high 
Al  and  Pe  content.  On  the  other  hand,  it  is  possible  in  sandy  soils 
that  ila  may  leach  out  of  the  profile  more  rapidly  than  K.  Sodium  may 
also  exert  Important  undesirable  effects  on  plant  growth  through 
adverse  modification  of  soil  structure.  The  high  Na  content  In 


In  Profiles  I and  il,  the  Increase  in  soil  compaction  with  depth  r^ 

Calculation  of  relative  ratios  of  exchangeable  Ca,  Hg,  and  K 
showed  the  existence  of  great  Imbalance  emong  the  3 elements.  Ex- 

than  Ca  and  fig.  Profile 
desirable  value  than  Prol 
Althougfi  mlcronutrlen 
analysis  for  total  micronu 
Thus.  I t was  difficult 
purposes.  The  Fe,  Cu, 


ly  an  Important  role  In  plant  nutrition, 

.5  Is  seldom  conducted  routinely, 

oil  micronutrienc  date  for  comparative 


could  be  adequate  for  crop  growth,  No  plant  deficiency  symptoms 
were  noted  In  greenhouse  experiments  as  will  be  later  discussed. 
Total  and  exchangeable  Al  appeared  to  be  high.  High  Ai  may  be  char- 
acteristic of  other  soils  in  British  Honduras  and  may  explain  the 
presence  of  Al  Indicator  plants  such  as  Hlconla  reported  by  Wright 
et  al.  (159). 


respcnsi ble 


Aluminum  may  In  great  pare  ba  responsible  For  the  high  acidity 
of  the  Pule tan  soils.  The  Iom  aval  I able  P I s no  doubt  partially  due 
CO  fixation  by  Al  and  Fe.  Aluminum  as  earlier  stated  is  also  probably 
responsible  for  the  low  CEC  of  those  soils;  Al^*  is  held  so  tightly 
that  Che  effective  exchange  capacity  is  strongly  reduced  (8A).  hany 
tropical  soils  are  inclined  to  become  Al  toxic  as  Al  dominates  and 
blocks  the  exchange  complex  after  removal  of  bases  by  heavy  leaching. 


Phosphorus  Fixation  and  Phosphorus  Fractionat Ion  Studies 

All  soil  P fractions  of  Prof i lei,  except  water  soluble-P  were 
higher  than  P fractions  of  Profile  11  soils  (Table  13).  This  was 
expected  on  che  besis  of  their  chemical  properties.  Lime  Increased 

fractions  were  statistically  significant  at  che  level  of  proba- 
bility. In  soils  of  Profile  II , there  was  also  an  Increase  In  ell 
P fractions.  The  P fixation  capacity  of  soils  of  Profile  I was 
considerably  larger  chan  that  of  Profile  11.  Furthermore,  the  fixa- 
tion capacity  of  both  soils  appeared  to  be  closely  related  to  their 
KCI  and  HCI  extractable  Al.  Correlation  coefficients  (r)  were  0.$7 
and  0.95  for  Profile  I sells  and  0.66  and  0.67  for  Profile  I!  soils. 

fractions  (Tables  14  and  15).  This  was  undoubtedly  due  to  precipita- 
tion or  adsorption  of  the  applied  P by  Fe  and  A!  present  In  the  soil. 
In  soils  of  Profile  I, lime  had  a highly  significant  effect  In  Increas- 
ing the  Al-P  and  the  Fe-P  fractions.  However,  e decrease  in  fixation 
was  noticed  at  the  highest  level  of  lime  (pH  6.2)  Indicating  the 
possibility  of  a decrease  In  the  solubility  of  both  A]  and  Fe,  due 


13. — Phosphorus  fractions  in  Puletan  soils. 
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Table  l4,"Pti05pht)ru5  fracclons  and  pH  before  P Ireaiment. 


O.OS 


0.69 


pH 


PROFI LE  I 


46.21  2.60  163.5 
90.60  4.72  295-5 
84.40  5.19  279.0 


21.8 


30. S 


30 

Profne  I,  ch«  highest  lltne  level  decreased  P fixation,  In  Profile 
It.  pH  as  affected  by  I line  did  not  seem  to  be  the  control  1 1 ng  factor. 
Where  highest  P fixation  occurred,  pH  was  slightly  over  neutrality. 

of  clay  and  Al  content  may  be  the  factors  controlling  P fixation. 


Hobllltv  of  Phosphorus  In  Puletan  Solis 

The  data  obtained  in  these  laboratory  studies  are  presented  in 
Tables  lb  and  17  and  depicted  In  Figs.  6 and  7. 

Experiment  I 

To  leach  the  soil.  B50  ml  of  distilled  water  were  applied  In  7 
successive  additions  varying  between  30  and  200  n]  each.  The  total 
amount  of  P leached  from  these  soils  was  very  low;  in  some  cases  It 
was  hardly  detectable  In  the  leaching.  The  rate  at  vdtich  P was  fixed 
also  appeared  to  be  high  as  Indicated  by  the  low  P concentration  In 
every  leach] ng  (Tables  42  and  If3) . Only  0.8^  and  0,40%  were  leached 
when  bo  and  120  ppm  P ware  appl led  to  uni imed  soils.  While  lime 


1.33  and  0.70%  for  the  bO  and  120  ppm  P applications,  losses  were 
very  low  (Table  1b  and  Fig.  b). 

The  total  P concentration  In  each  of  the  3 portions  of  the  soil 


I n uni Imed  soil,  7b%  and  58%  of  Che  appl  led  P was  retained  by  the 

77%  was  retained.  The  concentration  of  fixed  P consistently  decreased 
with  depth  In  the  soil  column  (Table  44). 


16, — Phosphorus  recovered  In  leeching  froie  surface 
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Table  17. — Phosphorus  recovered  in  leaching  fron  surface  soil. 
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fraction,  42%  as  F 


of  120  ppr,  P.  54% 


f.  52%  of 


94 


20-soluble  P anb  Ca-P. 
fertilized  at  Che  rate 
Che  Al-P  fraction,  38% 


as  Fe-P,  and  7 and  1%  as  H20-sclub]a  P and  Ca-P,  respectively  (Table 
45}.  As  In  previous  laboratory  studies  lime  decreased  P fixation  and 
Increased  P concentration  In  the  leachings.  Host  of  the  fixed  P was 


Unllmed  and  lined  (4500  kg/ha)  surface  soil  fro 
also  used  In  this  experiment,  Phosphorus  was  app|]e« 

soils  1190  ml  of  dl sti I led  water  were  appl lad  In  13  : 
additions  of  50  Co  200  ml.  In  contrast  to  soils  from  Profile  I Che 
rate  wl th  which  P was  leached  was  rapid  and  In  considerable  amount, 
namely,  94  and  89%  of  Che  total  P applied  to  unllmed  soil  for  the  60 
and  120  ppm  P rates,  respectively.  Furthermore,  78  and  77%  of  the 
P was  present  In  the  first  leaching  after  addition  of  only  70  ml  of 
distilled  water.  Further  leachings  contained  only  0.5  to  6%  of  Che 
total  P applied  (Tables  17,  46  and  47,  and  Fig.  7). 

In  limed  soils,  there  was  a significant  decrease  In  Che  amount 
of  P leached;  only  75  and  66%  was  leached  after  addition  of  60  and 

present  In  Che  first  leaching. 

DetarmI nation  of  total  P In  leached  limed  soils  showed  that  48 
and  73%  of  the  retained  P was  present  In  the  surface  4 cm  soil  portion 
when  50  and  120  ppm  P were  applied,  respectively.  The  concencracTon 


(Table  44), 
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Fractionation  analysis  showed  that  In  soils  limed  at  the  rata  of 
4500  kg/ha  and  receiving  120  ppm  P,  approximately  50%  of  the  total 
retained  P was  present  Ir  the  Al-P  fraction!  30%  as  water  soluble-P, 
and  the  recnalnder  as  Fe*P;  Ca-P  was  not  measurable  (Table  45). 

II  showed  that  lime  decreased  leaching  of  P;  however,  the  rate  at 

fixed  P was  present  in  the  AI-P  fraction, 

Experiment  I was  repeated  using  fertilized  surface  soils  which 
were  allowed  to  stand  for  46  hr  prior  to  initiation  of  the  leaching 
process,  Phosphorus  was  not  detected  in  any  of  the  leachings  from 

The  amount  of  P leached  from  unllmed  and  limed  soils  from 
Profile  li  was  approximately  the  same  as  that  which  occurred  In 

distribution  of  the  retained  P within  the  soi i column  as  wo  1 1 as  In 
Its  Inorganic  fractions  followed  the  same  pattern. 

To  study  the  movement  of  P within  soli  Profile  I.  300  ml  of 
distilled  water  were  applied  In  three  100  ml  i ncremenls.  Water 
additions  were  then  discontinued  since  percolation  through  the  profile 
was  extremely  slow  even  when  mechanical  suction  was  applied  and  the  P 
concentrations  in  the  leachings  were  barely  detectable. 

Low  rate  of  percolation  of  water  in  the  profile  was  doubtless 
due  to  the  clayey  nature  of  this  soli,  particularly  below  the  27.5  cm 
depth  layer.  The  low  P concentration  In  the  leachings  implied  that 
this  soi I possessed  high  P retention  capaci ty.  Only  0.55%  of  'the 


tota)  P added  was  leached  from  unllmed  soils  and  0.68%  from  lined 
sol)  (Tables  18,  19.  SO  and  SI.  and  Fig.  8). 

The  determination  oF  total  P present  In  each  of  the  horizons 
revealed  that  86.5  and  78.8%  of  It  occurred  In  the  surface  horizon 
For  unllmed  and  limed  soils,  raspactlvaly.  Total  P concentration 
diminished  consistentlr  with  depth.  It  was  8 and  15%  In  the  layer 
.dilch  represented  the  15-27. S cm  depth  and  6.7  and  5.9%  In  the  27.5- 

37.5  cm  depth,  for  Che  unllmed  and  lined  soils,  respectively  (Table 
54,  Fig.  9).  All  of  the  retained  P was  present  In  the  top  3 layers. 

P was  In  the  Al-P  form,  39%  as  Fe-P  and  a very  small  percentage  as 
water  soluble-P,  In  unllmed  soil.  In  Che  limed  soil  4^  of  the  total 
retained  P was  present  as  Al-P,  34%  as  Fe-P,  and  8%  as  water  soluble- 
P (Table  56). 

For  Prof I le  1 1 , 1075  ml  of  disci  lied  wa cor  were  appi led  In  10 
successive  Increments.  The  amount  of  P leached  was  very  low,  approx- 
imately 10%  for  unllmed  soli  and  7%  from  limed  soil  (Tables- 79  and. 62. 
and  Fig.  10).  These  data  may  Indicate  that  lime  Increased  P reten- 
tion, even  though  the  P concentration  In  Che  teachings  Increased 
consistently  with  the  total  amount  of  added  water. 

Determlnetlon  of  total  P In  each  of  the  horizons  showed  the 
following  distribution,  from  top  to  bottom:  17,  11,  II,  19.  and  42% 

34%  In  limed  soil  (Table  54;  Fig.  II).  The  fact  that  highest  percent- 
ages were  present  In  the  top  and  In  cha  last  two  layers  of  soil  may 

higher  clay  content  In  the  bottom  layers. 


16,  — Ptiosphoru:,  recovered  in  leaching 
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Figure  d.--Pbospharus  recovered  In  ieechlr\g 
from  Prof  I lei. 
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rtgure  10.  — Phosphorus  recovered  In  leeching 
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When  P in  Che  unllined  soli  profile  was  fractionated,  U5%  of  the 
total  retained  P was  present  as  Al-P,  32%  as  Fe-P,  and  15%  as  water 
soluble-P.  In  lined  soli  the  distribution  was  50£  as  Al-P,  30%  as 
Fe>P,  and  11%  as  water  $oiuble>P  (Table  56).  This  distribution  was 
consistent  in  each  horizon  except  for  the  6O-9O  cm  depth,  where  Fe-P 

This  occurrence  may  be  associated  with  the  Increased  Fe  content  of 
the  deeper  layars  as  It  also  occurred  in  horizons  from  Profile  I. 


Available  Soil  Phosphorus  and  Crop  Yield  Study 

Amounts  of  P extracted  from  Puletan  soils  of  Profiles  I and  II 
varied  with  Che  extractant,  in  general  the  amount  of  P extracted 


removed  by  the  different  extractants  at  given  P levels  were  also 
significantly  different. 

bray's  solutions  (KH^F  4 HCl)  In  both  soils,  removed  Che  largest 
amounts  of  P.  Truog's  extractant  extracted  larger  amounts  of  P than 
NH^OAc  (pH  4.S),  at  highest  rates  of  applied  P.  The  reverse  occurred 
at  low  levels  of  applied  P.  The  amounts  of  P removed  by  strong  acid 
e higher  chan  Chose  removed  by  weak  acid  solutions 
le  exception  noted  above.  However,  it  was  possible  with  ail 

:o  differentiate  between  soils  high  and  low  in  applied  P. 

Correlation  tests  between  the  amount  of  P removed  and  pengola- 
grass  yields  from  throe  consecutive  harvests,  as  affactad  by  lime 
and  P fertilization,  later  described,  showed  that  In  Profile  I,  at 
low  rates  of  applied  P,  Truog's  extractant  gave  highest  correlation 
with  yields,  followed  by  HH^^OAc  (pH  4.8),  Bray  I,  and  Bray  2 extrac- 


tants.  respectively.  Ac  high  rates  of  applied  A,  all  methods  gave 
negative  correlations.  The  correlation  coefficient  (r)  for  Bray  1 
was  the  highest,  followed  by  NHj^OAc  {pH  4,8),  Bray  2,  and  Truog, 
respectively. 

In  Profile  II,  ac  low  rates  of  applied  P,  the  order  of  correla- 
tion coefficients,  from  high  to  low,  was  NH^OAc  (pH  4.8),  Truog,  Bray 
I , and  Bray  2,  respectively.  At  high  P rates,  I t was  Truog,  Bray  1 , 
NH^OAc  (pH  4.8),  and  Bray  2,  respectively. 

The  data  presented  In  Table  57  and  the  regression  lines  depicted 
in  figs.  12,  13,  14,  and  15  showed  that  while  amounts  of  P removed 
differed  significantly  with  rates  of  applied  P,  forage  yields,  at 
the  selected  Hire  and  P rates,  did  not  vary  significantly,  tinder 
these  conditions,  slopes  were  small  with  data  points  scattered  more 
horizontally  chan  vertically.  These  results  Indicated  Che  need  for 
further  Investigation  Co  establish  which  method  or  methods  are  most 
sul table  for  correlation  of  sol  I P wl Ch  crop  yields  after  fertilizer 
P Is  applied. 


EKDloracorv  Nutrient  ai 


Oven-dry  lomaco  foliage  data 
In  Table  20;  Figs.  18.  17.  18  and 


Residual  Study 

expressed  In  g/pot  are  presented 
1$.  Photographs  of  selected  treat- 


ments are  shown  In  Figs.  20  end  21  for  surface  soils  and  subsoils. 

For  Profile  I very  low  yields  were  produced  by  both  the  surface 
and  subsoil,  when  nutrients  were  omitted  [Treatment  0).  Nitrogan  and 
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growth  response  where  P was  InclutJed  was  very  large,  frequently  more 
than  50  times  Che  production  without  P,  Nitrogen  end  K,  each.  In 


alone  arvd  even  higher  yields  when  the  3 elements  were  combined.  This 
same  tendency,  though  more  marked,  was  noticed  In  the  subsoil  where 
yields,  particularly  In  unllned  soil,  were  extremely  low. 

lime  at  Che  rate  of  M*80  kg/ha  significantly  Increased  yields 
when  P was  added,  either  alone  or  In  combination  with  N and/or  K 
fertlllxers.  There  was  an  Inexplicable  narked  decrease  In  yields  In 
the  HP  and  NPK  treatments  when  the  topsoil  was  limed  at  the  rate  of 


where  the  sane  soil  and  similar  treatments  were  used.  Oelerninatlon 
of  available  P,  by  Che  Oray  1 method,  in  soil  samples  taken  from  these 
two  creacnencs  gave  similar  P values,  around  112  ppm,  to  chose  In  the 


P or  PK  treatments.  Therefore,  It  was  evident  that  P fertilizer  was 


not  omitted  In  the  HP  and 

The  snail  yields  produced  without  P fertilizer  regardless  of 
the  addition  of  other  nutrients  Indicated  Chat  this  element  was 
perhaps  Che  most  critical  In  these  soils.  It  must  be  applied  in 
adequate  quantity  If  they  are  to  be  productive.  Soil  components  also 
did  not  mineral iza  sufficient  N to  give  maximum  yields. 

with  N,  K In  the  presence  of  P produced  significant  yield  Increases 

provided  In  adequate  quantities  since  no  symptoms  of  deficiency  or 
toxicity  were  observed  In  the  plants. 


Visual  observations  denoted  well  grown,  healthy. 


where  P FertM  fzer 


ddded.  Lack  oF  this  element 
produced  small,  stunted  plants  manifesting  typical  P deficiency 
symptoms,  l.e,,  darker  green  color  than  normal  with  a purplish  tinge 
on  Che  underside  of  the  leaves,  end  slender  stems  with  purplish  tinge 


Typical  N deficiency  symptoms,  characterized  by  pale  or  yellow 
color  of  the  leaves,  also  were  present  In  plants  growing  In  pots 
lacking  this  element.  Potassium  deficiency  was  evidenced  by  scorching 

hutrlent  concentrations  In  the  tomato  follege  were  noticeably 
Increased  by  fertilization  (Table  21).  Tomato  foliage  from  the  surFace 

0.09%  which  are  extremely  low.  When  P Ferclllzer  was  applied,  foil  age 
P concentrations  increased  to  values  ranging  between  0.2  and  0.5%. 

Plant  P concentrations  Increased  with  rate  of  line  applied,  though 
not  In  the  same  proportion;  the  P treatment  alone  almost  doubled  the 
yield  from  limed  soils,  and  the  Increase  In  P uptake  was  only 
approximately  50%. 

Potassium  concentreclon  In  tomato  plants  was  also  increased  by 
K fertilization.  There  may  hava  bean  an  Increasa  In  K concentration 

Potassium  In  combination  with  N and  P produced  consistently  the  highest 
K concentnetlcn  regerdless  of  the  rate  of  liming. 

foliage  Ce  concentrations, In  general,  were  low  relative  to  Hg 
concentrations  where  the  soil  was  unllmed  regardless  of  the  fertilizer 
treatment.  Calcium  concentrat Ions  were  increased  markedly  by  liming 
whereas  hg  concentrations  were  not  affected.  The  relation  was. reversed 


Ca  , Mg 
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Hg  concentrdtion  and  It  Increased  with  rate  of  llising.  Hortenstine 
and  Stall  (68}  reported  a similar  effect  of  lime  on  Ca  concentrations 
In  tomato  foliage.  They  found  that  Ca  concentrations  were  0.77%>  i.02, 
and  1.n%when  rates  of  lime  were  500,  2000,  and  5000  Itg/ha,  respec- 
tively. 

Plant  growth  on  soil  components  of  Profile  II  was  very  poor  with- 
out nutrient  additions,  particularly  of  P (Table  20).  Phosphorus  and 
lime  generally  gave  large  yield  Increases.  Phosphorus  In  combination 
with  h and  K produced  the  highest  yields. 

There  was  little  growth  response  to  N and  K applied  separately 
or  In  combination.  The  appearance  of  the  plants  was  similar  to  that 
for  plants  growing  on  soils  from  Profile  1. 

A major  difference  between  Profiles  I and  II  was  the  relatively 
more  severe  deficiencies  of  N and  K In  soil  components  from  Profile  II 

Profile  I gave  yields  from  approximately  6 to  1 1 g/pot  while  In 

However,  when  N and  K ware  combined  with  P,  yields  were  higher  from 


n general,  plant  nutrient  concentrations  wera  significantly 
fertilization  (Table  22).  Phosphorus  concentrations 
generally  less  than  0,1%wlthout  applied  P and  ranged  from  0.1 
8%  with  P applied. 

on.  Potassium  concentrations  without  applied  K were  variable 
/ere  generally  less  than  1%.  With  applied  K they  were  always  In 


f K—  Ca  ._H9_ 


excess  of  1%  end  frequently  as  high  as  2 or  3X.  Calcium  and  Hg 
concentrations  followed  the  same  pattern  described  for  soils  of 
Profile  I , in  that  Ca  concentration  increased  with  increasing  rates 
of  lime  while  Hg  remained  almost  constant. 

Tomato  root  dry  weights  and  nutrient  concentrations  are  presented 
In  Tables  58.  59, and  SO. 

Dry  weights  of  roots,  both  from  surface  and  subsoils  of  Profile 
I,  showed  a linear  relationship  to  oven-dry  tomato  foliage  with  the 
relationships  expressed  by  the  equations  yw  -0.S2  + 6.54  x and  yw 
-1.52  + 6.41  X,  In  which  x»  dry  weight  of  roots  In  g/pot  and  y“  dry 
weight  of  the  aerial  parts  In  g/pot,  for  topsoil  and  subsoil,  respec- 
tively, Correlation  coefficients  for  the  surface  soil  and  subsoil 
were  rw0,82  and  rwO.94,  respectively.  The  linear  relationships  for 

equations  y*  2.30  f 3.24  x and  y*  3.S6  + 5.66  x.  The  correlation 
coefficients  were  rwO.84  and  rwO.97.  respectively. 

in  general,  the  effect  of  lime  and  fart  1 1 Izatlon  on  root  produc- 
tion was  similar  to  that  for  foliaga.  In  that  cha  root  prol I faratlon 
was  stimulated  by  P fertilizer,  while  N and  K showed  negl I gible 
effects  In  the  ebsence  of  P (Figs.  22  and  23). 

Nutrient  ccncentretlons  In  tomato  roots  were  else  significantly 
Increased  by  fertilization.  Phosphorus,  K,  Ca,and  Hg  concentrations, 
although  lower  than  In  the  aerial  plant  parts,  followed  the  same 

Pangolagress  was  planted  In  the  same  pots  following  the  tomato 
crop  to  determine  the  residual  effect  of  applied  nutrients.  Oven-dry 
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forage  yields  for  two  consecutive  harvests  are  presented  In  Table  23, 
Additional  tables  showing  Individual  yields  for  each  harvest  are 
presented  In  the  Appendix  section  (Tables  61  and  62). 

Pangolagrass  yields  from  Profile  I were  low  without  applied  nutrl* 
ents,  particularly  P,  both  for  surface  and  subsoil.  Yield  differences 
between  the  KPK  treatment  and  those  lacking  P were  as  high  as  twenty- 
fold. The  NP  and  NPK  treatments  In  the  surface  sol]  at  the  highest 

In  the  2nd  harvest,  especially  In  the  absence  of  P fertilizer.  Shortage 
of  this  nutrient  In  those  treatments  where  P was  omitted,  and  of  soil  N 
and  K,  In  almost  all  treatments  may  have  accounted  for  such  decrease  In 
yields.  In  fact,  N and  K deficiencies  In  the  plants  were  evident  and 
common  to  all  treatments.  An  additional  dose,  equivalent  to  the  orig- 
inal application,  was  made  to  the  N and  K treatments,  respectively,  to 
overcome  their  shortage  In  the  soli.  Add! t Iona  I N and  K appl Icatlons, 
equivalent  to  the  original  quantities,  were  made  to  appropriate  N and 

Plant  K concentration  (Table  2A} , In  the  presence  of  K fertilizer. 

In  plants  from  the  second  harvest  In  absence  of  K fertilizer.  Plant  P 
concentration  showed  similar  differences  as  for  K,  In  that  It  remained 
quite  constant  In  the  presence  of  P fercllizar,  while  It  declined  In 
the  second  harvest  In  absence  of  P fertilizer.  Magnesium  concentration 
In  the  plant  remained  without  noticeable  fluctuation  ragardlass  of  the 
tlrrm  of  harvest  or  rate  of  liming.  Calcium  concentration  In  the  plant 
Increased  wl th  rate  of  liming.  Presumably,  the  Imbalance  between  soil 
Ca  and  K,  particularly  after  the  first  harvest,  may  be  responsible  for 
decline  In  yields  In  limed  soli  es  compared  to  unllmed  soil. 
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tendencies  shown  by  the  Forage  In  regard  to  dry  weights  and  nutrient 
concentrations  (Tables  &3i  end  65). 

Yields  of  oven-dry  hairy  Indigo  from  both  profiles  were  very 
low  (Table  26).  The  highest  yield  was  2.55  end  the  lowest  0.10  g/pct. 
Yields  were  Increased  by  applied  P,  particularly  by  the  complete  NK 
treetcnent.  In  general,  yields  were  higher  Froai  the  surface  soil  chan 
from  Che  subsoil  of  Profile  I while  the  reverse  occurred  for  Profile 
II.  The  lime  effect  was  Inconsistent  In  contrast  to  previous  crops, 
chough  a slight  yield  Increase  occurred  at  the  intertnedlate  lima 

Forage  P concentrations  were  relatively  low  compared  to  values 
of  0.67%  obtained  In  Florida  (150).  The  avarage  P concentration 
frofti  Profile  I with  applied  P was  approximately  0.2^  and  about  0.40% 
from  Profile  II  (Tables  27  and  28).  It  is  possible  that  the  low 
yields  obtained  and  the  relatively  low  plant  heights  ware  due  to 

forage  P showed  that  in  Profile  I . approximately  50  to  6g%  of  the 
applied  P was  present  In  the  tomato  plant  and  pangolagrass  forage  from 
uni Imed  sol  I , whi le  approximately  60  Co  76%  was  present  In  plants  from 
limed  sol]  ec  the  lower  rate.  In  the  surface  soli  From  Profile  II, 
approximately  50%  of  the  applied  P was  taken  up  by  the  tomato  plant 
and  pangolagrass  forage.  The  high  recovery,  even  in  the  case  of 
Profile  I surface  soil,  end  depletion  of  available  P by  the  previous 

factors  such  as  insufficient  fl  supply  and  failure  of  nodulatlon  by 
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of  Profile  II,  Phosphorus  deficiency  sympcons  were  general; 

were  more  marked  In  Creatments  where  P was  omitted.  Yellowish  foliage 

color  resembled  N and/or  K deficiency. 

cause  of  low  yields.  Data  obtained  In  subsequent  experiments  (Tables 
73  and  77)  showed  Chet  mlcronucrlent . concentrations  In  pangolagrass 

nutrient  deficiencies  may  not  be  an  l(rmedlate  problem  In  these  soils. 
On  Che  ocher  hand.  Che  higher  P concentrations  reported  In  florlda 
(150)  for  hairy  Indigo,  suggested  thee  requirements  for  this  element 
are  higher  than  could  be  supplied  by  the  soli  after  two  previous 
crops  were  grown  without  subsequent  fertl I Izetlon  with  P. 

Pven-dry  root  weights  were  very  low,  particularly  In  the  absence 
of  applied  P (Table  66).  Otherwise,  yields  followed  the  same  trends 
shown  for  previous  crops. 

Variations  In  root  nutrient  concentrations  were  similar  to  those 
In  the  foliage  (Tables  67  and  68).  Phosphorus  concentrations  did  not 
change  markedly,  and  apparently  were  not  affected  by  lime.  Calcium 
concentrations  I ncreased  noticeably  wi ch  I ncreasi ng  lime  rates,  while 


Lime  end  Phosphorus  Study 

Panoolaurass  response 

Oven-dry  forage  yields  for  3 harvests  from  Profile  I showed  that 
there  was  a significant  response  to  applied  lime  and  P.  particularly 
at  Che  M18O  kg/ha  lime  level.  At  higher  Time  rates,  yields  were 
depressed,  buc  Che  response  Co  applied  P remained  (Tables  29,  69*  70> 
and  71;  Figs.  24  and  25). 
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The  second  harvest  was  the  largest  with  a slight  decrease  at 
the  third  harvest.  Forage  P concentrations  apparently  were  not 

were  almost  uniform  In  the  3 harvests.  They  ranged  between  O.ll  and 

o.m. 

The  major  difference  In  forage  nutrients  among  the  3 harvests 
was  a sharp  decrease  In  K concentration  at  the  third  harvest,  from 
above  2,5%  In  the  first  harvest  to  less  Chan  2%  In  the  third  harvest 
(Table  30).  The  low  native  reserve  of  soil  K was  emphasized.  Decrease 
In  K concentration  was  accompanied  by  Increase  In  Ca  and  Hg  concentra- 
tions, It  Is  quite  possible  that  fluctuation  In  the  concentrations  of 
these  3 nutrients  was  a result  of  an  alteration  In  their  relationship 
In  the  soil  due  to  rapid  depletion  of  available  soil  K and  consequent 
relative  Increase  In  Ca  and  Hg  concentration.  Under  these  conditions 
K uptake  would  be  suppressed  by  Che  ocher  two  elements.  Total  forage 
K,  for  the  first  two  harvests, was  In  excess  of  the  quantity  applied  Co 

loamy  fine  sand  from  British  Honduras.  Furthermore,  Gammon  end  Blue 

established  a minimum  K concentration  of  2%  In  oven-dry  forage  for 
optimum  growth.  Values  found  for  the  first  2 harvests  were  within 
that  range  (Table  3D). 

The  yield  decrease  at  the  third  harvest  may  also  have  been  caused 

marked  N and  K deficiencies.  Additions  of  these  elements,  equivalent 
to  3DD  and  400  kg/ha,  respectively,  were  applied.  Even  though, 
deficiency  symptoms  disappeared  with  time,  fertilizer  application  may 
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Decreased  yields  were  probably  not  due  to  Inadequate  nlcro- 
nutrlents.  Data  presented  In  Table  73  show  that  concentrations 
were  relatively  high  for  all  the  elements  determined. 

Forage  yields  from  Profile  II  were  much  lower  than  those  obtained 
from  Profile  1 (Table  29',  Figs.  2b  and  27],  The  first  harvest,  which 
was  the  lowest,  was  not  statistically  analyzed,  since  there  was  con- 
siderable delay  In  obtaining  e uniform  plant  stand.  Subsequent 
harvests  showed  significant  yield  response  to  lime  and  P fartlllzatlon 
(Table  72),  Highest  yields  were  obtained  at  highest  lime  end  P levels 
In  the  third  harvest. 

Phosphorus  concentration  was  consistently  high,  approalmately 
0.2X  regardless  of  the  rate  of  P applied  (Table  30).  The  fact  that 
yields  were  consistent  among  harvests  may  also  be  explained  In  terms 
of  K concentration  In  the  forage,  which  was  high  relative  to  Ca  and 
Kg  concentrations.  Potassium  concentrations  were  approximately  3% 

In  all  harvests,  with  a slight  decrease  for  the  third  harvest.  On 

harvests  were  constant,  but  showed  an  Increase  for  the  third  harvest. 
Plants  at  this  stage  exhibited  foliar  symptoms  of  N and  K deficiencies 
which  were  overcome  by  application  of  both  nutrients,  equivalent  to 
300  and  400  kg/ha,  respectively.  As  for  soil  of  Profile  I,  the  time 
of  fertilizer  application  nay  not  have  been  sufficiently  early  to 
prevent  a decrease  In  forage  K concentration. 

The  results  of  this  experiment  showed  clearly  the  Imperative 
need  for  fertilizer  K and  possibly  also  for  N to  maintain  high  forage 
production  In  Puletan  soils.  In  addition  to  other  nutrients,  particu- 
larly P.  MIcronutrlent  concentrations  appeared  to  be  adequate  (Table 
73), 
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Figure  27. — Effect  of  Iline  end  phosphorus  fertlHzeilon 
on  pangolegrass  forage  growth  > Profile  II. 


Root  weights  {Teble  30  followed  the  sente  pettero  shown  by  the 
forage.  For  Profile  I,  root  proliferation  was  highest  at  the  4460 
kg/ha  lline  level.  Weights  decreased  noticeably  with  higher  line  rates. 
In  Profile  II,  yields  Increased  with  I Inte  and  P rates.  In  both  soils. 


he  roots  was  relatively  constant  regardless  of 
rate  of  P applied  (Table  74],  Calclian  concentration  Increased  as 
' rates  were  Increased,  while  Hg  concentrations  remained  relatively 

s and  Forage  from  Profile  II  than  front  Profile  I. 
on  pea  response 


Pigeon  pea  was  grown  as  the  second  crop  following  pangolagrass. 
Line  and  P fertilization  of  Profile  I significantly  Increased  forage 
yields  (Tables  75  and  75).  Highest  yields  were  obtained  at  line  rates 
of  8960  and  13^1^  kg/ha.  Yields  Increased  consistently  with  applied 
P (Table  32). 

Even  though  forage  P concentrations  showed  slight  Increases  at 
higher  rates  of  lime,  they  were  Irregular  and  Inconsistent.  Pocesslun 
concentrations  Increased  wl th  rates  of  line  end  P whi le  Ca  and  Hg 
concentrations  decreased  noticeably  (Table  33).  These  fluctuations 
were  doubtless  due  to  K addition  to  the  soil  prior  Co  the  third 
harvest  of  the  previous  pangolagrass  crop, 

Hlcronutrlent  concentrations  In  the  plants  were  relatively  high; 
however,  Zn  showed  a narked  decrease  in  limed  soils,  which  apparently 
was  not  reflected  In  forage  yields  (Table  77), 

Yields  from  Profile  II  (Table  33)  were  significantly  Increased 
by  line  and  P ferti 1 Izatlon  but  were  lower  than  from  Profile  1 . Yields 


highest 


Table  31. 


-Effect  of  lime  end  phoaphorue  ferti  1 1 zatlon  on 
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Tablo  32.— Effect  of  lime  and.  phoephorue  fercl  1 1 zaclon  on  pigeon 
pea  forage  yields. 


— g/pot  - 

PROFILE  I 


PROFILE  11 

2.1  1.4  i.e 


2.6  1.6  1.9 

3.1  1.9  2.3 


Lime  Profile  I Prof!  1e  1 1 

kg/ha  

L|  4480  1680 

L2  6960  3360 

Lj  13440  5040 


Average  yields  For  three  replicates. 
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Forage  P concentrations  did  not  show  narked  differences  with 
rates  of  applied  P,  Potassium  concentrations  were  approximately  4,6% 


Irregular  Increase  In  Ca  concentration  with  lime  rates,  but  Hg  was 
relatively  constant.  As  for  Profile  I,  the  relatively  high  K concen* 
tratlons  were  a consequence  of  the  applications  of  this  element  to 
the  soil  prior  to  the  third  harvest  of  the  previous  pangolagrass  crop. 
It  Is  quite  possible  chat  such  additloh  nay  have  upset  the  depressed 
plant  Ca  and  Hg  uptake,  vdilch  In  turn  was  reflected  I 
yields. 


not  limit  yields  (Table  77). 

Root  weights  (Table  34)  were  affected  by  lime  and  P fertilisation 
In  a similar  way  as  for  the  forage.  Nutrient  concentrations  showed 
sinllar  fluctuations  as  described  for  the  forage  (Table  76). 
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Table  j4,— 'Effect  of  Dire  and  phosphorus  ferti 1 1 zatlon  on  pigeon 


Lime Prof]  1e  I Profl  le  1 1 

•-  kg/ha  — 

L,  44S0  IfiSO 

Lj  99^0  3360 

Lj  13U>0  5 040 


Average  weights 
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Taole  38. --Sticky  point  and  Index  of  texture. 
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Table  — Total  phosphorus  concentration  in  leached  surface  soils. 


Aaal led 


Soli  fractions 


PROFILE  I 

1141.5  853.4  363.8 

4145.3  958.8  309.3 

6444.0  3925.2  728. 7 

4540.6  1029.9  265.6 

9294.2  I665.4  1029. 0 

PROFILE  II 

1232.7  149.8  73.2 

2615. 7 668.4  317.2 


2958.7 
5413.4 
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1460.7 
3601.3 
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50.  — Phosphorus  rocovered  in  leaching  from  Profile  I. 


No.  teachings 


5.3  8.0  13.3 

6.4  8.2  16.3 


Table  5T .--Phosphorus  recovered  In  leaching  from  Profile  I. 


Add]  led No.  leachlngs 
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phosphorus  concuntrsclon  In  leached 


Apgl led  Depth  Layers  (cn) 

ll«  P 0-IS  IS-27.S  27.S-37.S  37.t-90 

Lg/ha  -ug-  — ug 

PftOFILE  I 

None  2400  1972  210  II2 

12000  2400  1762  278  149 


2294 

2289 


1094.4  2530.4 


S6. --Phosphorus  fractions  In  leached 
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61. --Effect 
yields. 
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Subsol I 


Average  data  for  three  replicates. 

^Nutrient  application  rates  given  In  Table  7. 
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Table  62. — Effect  of  line  and  fertilization  on  pansolagraas  forage 
yields. * 


Surface  Soil 


USO 


^Average  data  for  three  replicates. 

Nutrient  application  rates  given  In  Table  7. 
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Tabla  66. — Effect  of  lime  and 
weights. 


appi Icatlon 
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0.03  0.40  0.42  0.17 


i:i  S :;ii  S :l  •!  •:!’ 

K 1:8  ::S ;:8  ::i;  ::S 

!:«  !:«  S ;;;  ;;; 

0.07  0.2S  0.49  0.12  0.14  0.20  0.£4  0.13 

?5  "i!*  ’3  ?;!>  hi- 

0.07  0.26  0.51  0.11  0.15  0.19  1.27  0.15 


;:i;  K !:!!  J:!!  !il’  I:"' : 

0.11  0.24  0.83  0.15  0.12  0.14  0.93  ' 


p o.io  o.ig  0.6!  o.s  o.ii  o.!4  o.j!  0,23 

PK  0.03  0.14  0.90  0.14  0.20  0.43  0.31  0.26 

i !::?  ill  K !:k  En  :;:i  Es  Ek 

0 0.10  0.53  0.67  0.27  

P 0.16  0.06  0.60  0.26  0.10  0.41  0.93  0.31 

n.  0.16  0.37  0.77  0.19  0.06  0.32  0.71  0.24 

.1  Eil  Es  EE  ik  EE  EE  EE  EE 

0 0.01  0.21  I.IO  0.26  

P 0.24  0.09  0.76  0.31  0.21  0.17  0.44  0.26 

PK  0.12  0.13  0.6  7 0.20  0.11  0.27  0.68  0.27 

NP  0.13  0.26  1.35  0.13  0.09  0.09  0.74  0.19 


dffected  by  line  end  phosphorus  fert 1 1 1 zet Ion  - Profile  I. 


Source  of  variation freedom 

Replications  • 2 
TreaCnents  15 
Lime  ^ 
Phosphorus  3 
Lins  X Phosphorus  9 


30.  >>0 
57.16 


76.58 


"significant  as  1% 
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Table  72. — Analysis  oF  variance  for  pangolagrass  forage  yields  as 

affected  by  lime  and  phospborus  fertilization  - Profile  11. 


RepI Icaclons 
Treacnents 


Phosphorus 
Lime  X Phosphorus 


**Slgnlf leant  at  the  II 


Table  73. -‘Effect  of  llirte  and  phosphorus  fertilisation  on  mi cronutrlent 
concentration  In  pangolagrass  forage,' 
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Table  75. — Analysis  of  variance  for  pigeon  pea  forage  yields  as 

affected  by  line  and  phosphorus  fertl I izaclon  - Profile  I. 


of 

Source  of  variation freedom 

Replications  2 

Treatntents  15 

Lime  3 

Line  h Phosphorus  9 

Error  30 


**Slgnl ficent  at  the  IS  level. 


2.11 
6. BO 
I.B3 
0.64 


Tddle  7£, — Analysis  of  variance  for  pl9eon  paa  forage  yields  as 

affected  by  lime  and  phosphorus  far  cl  1 1 zat I on  - Prof  I le  II . 


Replications 

Treatments 


Phosphorus 


*Slgnl ficant 


TabI*  77.— Effect  of  lime  end  pho..ihorii5  ferti  1 1jatlon 


nlcronutrlent 


60  ns  266 


30  23  SO  117 


13'^ 


3360 

5060 
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Tdble  78. — Effect  of  lime  end  phosphorus  fertlllzetlon  on  nutrient 
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SUHHUY  AND  CONCLUSIONS 


Puletan  soils  from  the  Coastal  Pine  Ridge  region  of  British 
Honduras  were  Investigated.  The  study  comprised  three  main  phases. 


Two  sites  were  selected  in  the  Belize  area.  Each  comprised  soils 
of  different  textural  properties  end  were  identified  as  Profiles  1 and 


In  the  country.  Approximately  71%  of  that  area  Is  concentrated  close 
to  Belize  City.  Additional  soil  samples  were  taken  at  different 
locations  oonprlslng  other  Pulatan  soils,  primarily  for  laboratory 
analyses. 


both  soils  were  affected  by  poor  drainage  conditions.  Typical  hydro* 
irorphlc  features  below  the  surface  soil  were  conmon.  Waterlogging  of 
these  soils  was  possibly  caused  by  high  subsoil  clay  content  In  Profile 

particularly  In  the  30*60  cm  depth  horizon,  In  Prof I la  II. 

Mechanical  analysis  Identified  the  Profile  I surface  soil  as  clay 
loam,  and  the  Profile  II  surface  soil  as  sandy  loam.  The  Pulatan  soils 
which  cover  about  80%  of  Che  total  pine  ridge  area  (2,849  kn^)  were 
coarse  textured,  nainely,  sandy  loam  and  sandy  clay  loam.  About  21% 

which  Indicated  that  these  soils  'were  highly  weathered  and  In  an 
advanced  stage  of  maturity. 


lea 
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In  general,  pH  of  the  Puletan  soils  was  nedlian-Iow  to  very  low. 

It  ranged  between  It,7  end  9,£,  pH  values  nost  likely  reflected 
climatic  conditions  and  type  of  soil  parent  material.  Organic  natter 
in  nost  of  the  soils  ranged  Iron  medium  to  low.  It  diminished  with 
depth,  Profile  I contained  more  organic  natter  In  the  surfece  horizon 
than  Profile  II,  namely,  5,9  and  1.8%,  respectively. 

Nitrogen  concentrations,  In  general,  were  also  low  and  reflected 
the  organic  matter  concentrations.  The  C/N  ratios  in  the  majority 
of  the  soils  were  above  the  value  of  10,  particularly  In  surface 
soils. 


Total,  organic,  and  Truog's  available  P were  generally  low. 
Profile  I soil  horizons  had  higher  concentrations  than  those  from 

dicated  the  possibility  that  the  greater  part  of  the  soil  P was  de- 
rived from  readily  mineral Izable  organic  materials.  Base  saturation 
and  C8C  were  also  low  due  to  low  organic  matter,  predominance  of 
kao] Ini  tic  clay,  high  A I concentration , high  I ntensi ty  of  weathering 
and  of  leaching,  and  predominance  of  sand  size  textured  constituents. 
Exchangeable  Ca,  K.  and  Hg  vrera  low.  Relative  ratios  showed  the 
existence  of  marked  imbalances  among  these  three  nutrients.  In 
Profiles  I and  II,  exchangeable  Ca  appeared  to  be  higher  In  the  sub- 
soils than  in  the  surface  soils.  This  Indicated  the  possibl 1 1 ty  of 


relatively  high  In  both  soils.  The  high  Na  concentration,  particularly 


detrimental 


standards  by 


micronutrlents 


concentrations  could  be  evaluated.  However,  chemical  analyses  of  the 
Puletan  soils  revealed  their  low  uutential  to  produce  crops  without 
fertilization,  especially  In  terms  of  P. 

Horizons  from  Profile  I showed  higher  P fixing  capacities,  as 
expected  from  their  physical  and  chemical  properties,  Chan  horizons 
from  Profile  II.  Lime  had  limited  effect  on  P fixation  In  Profile  I. 
High  races  of  lime,  4000  kg/ha,  decreased  P fixation.  In  both  soils, 
most  of  the  retained  P appeared  as  Al-P  due  to  type  of  clay  and  to 
highly  reactive  Al  present  In  amorphous  minerals.  High  organic  matter 
concentration  may  have  been  an  additional  factor  In  the  case  of  soils 
from  Profile  I . 

The  rate  at  which  P was  fixed  In  sol  Is  from  Prof  I le  I appeared 
Co  be  high  as  Indicated  by  laboratory  studies  made  with  sul fur-absorp* 
tion  tubes.  Unllmed  and  lined  soils  fertilized  with  60  and  120  ppm  P 
In  Che  form  of  Finely  ground  triple  superphosphate  nixed  in  the  surface 
were  placed  In  Che  tubes.  Leaching  was  simulated  with  distilled  water. 
Surface  soils  and  sinulacad  profiles  were  used.  In  Che  latter,  variable 
amounts  of  soil  from  Che  different  horizons  were  placed  In  order  in 
the  tubes.  The  amount  of  P recovered  In  the  leaching  was  very  low, 
approximately  1%  or  less  of  the  total  P applied,  from  the  surface  soli 
or  simulated  ProfI le  I , Host  of  the  P was  fixed  I n the  top  4 cm  of 

Similar  treacmanCs  were  applied  to  unlimed  and  limed  soils  from 
Profile  11,  The  amount  of  P leached  was  much  higher  chan  from  Profile 
I , Approxlr.tately  S4  and  70%  of  applied  P was  leached  from  uni  Imed  end 
limed  surface  soils,  respectively,  These  results  showed  Che  beneficial 


affect  of  Mdie  on  P retention  In  tandy  textured  soils.  Leaching  of 
P from  the  simulated  profile  was  wpproxlmately  10%  and  7%  from  unllned 
and  limed  soils,  respectively.  While  In  Profile  I,  most  of  the  P was 
retained  In  the  surface  layer  with  the  remainder  In  the  next  two  lower 
layers,  the  reverse  occurred  In  Profile  II.  Only  17  and  28%  was  re* 

majority  of  the  P In  Profile  II,  41  and  36%  for  unllmed  and  I lined 
material,  respectively,  was  retained  In  the  60*90  cm  depth,  which  was 
represented  by  the  bottom  layer.  The  remainder  was  fixed  In  the  Inter* 
mediate  horizons  in  relation  to  their  clay  concentrations. 


Greenhouse  experiments  using  the  tomato  as  the  first  Indicator 
plant  emphasized  the  need  for  fertilizer  applications  In  order  to  make 
these  soils  productive.  In  both  soils,  negligible  yields  were  obtained 
when  fertilizers  were  omitted.  By  contrast,  yields  idiere  P was  applied, 
were  more  chan  50  times  those  without  P,  Response  to  applied  N and  K, 


the  presence  of  P,  gave  large  responses,  frequently  above  those 
obtained  with  P alone.  In  most  cases  the  combination  HPK  gave  highest 
yields,  particularly  In  Profile  II  surface  soils.  In  both  profiles 


highest  lime  level  used  In  Profile  I surface 
apparent  detrimental  affect  on  the  HP  and  NPK 
In  yields  was  Inexplicable  and  It  did  not  occ 
with  similar  treatments.  In  both  soils  yield 


In  general,  plant  nutrient  concentrations  were  increased  signifl* 


candy  by  fertilization.  Plant  Ca  concentration 
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as  affected  by  rate  of  line.  Phosphorus  and  Ce  concentrations  were 

Phosphorus  deficiency  was  very  striking  In  plants  growing  In  absence 
of  this  nutrient.  Presumably  h and  K were  adequately  aupplied  since 
no  deficiency  sytnptcnis  were  noted.  Deficiencies  of  hg  and  nlcronutrients 
were  not  observed.  These  elements  were  applied  to  all  pots  as  a 
uniform  treatment. 


The  effect  of  line  and  fertilization  on  tomato  root  growth  was 
similar  to  that  on  foliage.  Root  proliferation  In  the  presence  of  P 
fertilizer  was  tremendously  increased  compared  to  growth  without  P. 
Nutrient  concentrations  in  tomato  roots  were  also  significantly  In- 


creased by  fertilization  and  followed  the  same  trends  as  for  the  foliage. 


The  effect  of  fertilization  on  yields  of  the  subsequent  crop, 
pangolagrass,  followed  the  same  tendency  as  on  tomato  plants.  Yields 


Increased  significantly  by 


applied  P.  Yields  from  the  second  pangolagrass  harvest  were  lower 
than  from  the  first.  Deficiencies  of  N and  K apparently  accounted  for 
reduced  yields  since  deficiency  symptoms  of  these  nutrients  were  common 
In  all  treatments  after  the  first  harvest.  Additional  N and  K appilca- 

appropriate  treatments. 

second  pangolagrass  harvest  was  accompanied  by  an  increase  In  plant  Ca 
concentration.  Lime  may  have  enhanced  the  imbalance  of  soil  Ca  and  K, 
and  uptake  of  the  letter  may  have  been  supressed  by  Ce.  Response  to 
and  was  reflected  In  length  and  number  of 


appi Ication 
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harvest  time,  many  as  long  as  2.5  cm.  Without 
f not  more  than  I or  2 stolons  of  apprOKlmately 
•ect  of  fertllUers  on  root  growth  was  similar  I 


6 stolons  par 


also  similarly 


The  growth  of  hairy  indigo  as  the  third  crop,  with  the  same  soil 
and  without  replenishment  of  P fentlllzer,  was  relatively  poor.  Plants 

on  plant  P concentrations  of  approximately  0.67%  found  in  Florida  {130) 

and  was  not  satisfied  hy  the  residual  applied  and  soil  P after  two 
other  crops  had  been  grown.  Phosphorus  recoveries  by  the  previous 
two  crops  exceeded  50%  of  that  applied.  Nodules  were  not  present  on 
Indigo  roots  despite  the  application  of  inoculum  after  seeds  had 
^rminated.  Possibly  the  method  of  Inoculation  was  not  effective. 

Forage.  In  general  the  effect  of  lime  both  on  the  forage  and  root 
growth  was  irregular  as  compared  to  previous  crops, 

at  4 rates  each  with  a basic  application  of  other  macrcrand  mlcronutri- 
ents.  Only  surface  soils  were  tested.  Pangolagrass  was  planted  first. 
In  Profile  I,  lime  at  the  rate  of  MlSO  kg/ha  gave  the  highest  yields. 
Plant  P concentrations  Increased  with  rates  of  applied  P regardless  of 


I$4 


noticeably  fron  2.SX  at  the  first  harvest  to  less  then  2%  at  the  third 
harvest.  Forage  Ca  concentrations  Increased  with  rates  of  lime. 

Yields  were  lower  from  Profile  II  than  from  Profile  I.  Lime  and  P 
responses  were  positive  and  statistically  significant.  Yields  also 
decreased  at  the  third  harvest.  At  this  stage,  N and  K deficiencies 
were  common  In  almost  every  treatment.  Additional  N and  K fertilizers 
were  applied,  but  the  time  of  application  may  not  have  been  sufFiciently 


growth  and  nutrient  concentrations  were  lower  than  for  forage,  but 
followed  the  same  trend  In  their  responses  to  fertl I laatlon. 

' lime  and  fertilizer  effects  were  tested  with  pigeoh 
I,  lime  and  P fertilization  significantly  Increased 
concentrations  were  almost  the  same  regardless  of  the 

and  hg  at  highasc  lima  racas.  These  fluctuations  of 
concentrations  w> 


soil  prior  to  the  third  harvest  of  the  previous  pengolagrass  crop, 

yields  from  Profile  II  were  lower  than  fron  Profile  1.  Plant  nutrient 
concentrations  followed  Che  sane  trends  shown  by  Profile  1.  The 

effects  on  forage.  Hlcronutrlent  concentrations  were  relatively  high 

Conclusions  warranted  by  the  date  fron  these  Investlgetlons  ere 
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T)  Field  observations  and  results  of  physical  analyses  Indicated 
that  both  soils  Mere  affected  by  poor  Internal  drainage  due  to 
high  clay  content  or  conpactlon»  mainly  belOM  JO  cm  depth, 

2)  The  natural  sol  I fertll I ty  was  very  low,  particularly  with  re- 
spect to  F.  There  appeared  to  be  an  Imbalance  among  Ca,  Hg, 
and  K|  however,  plan^  yields  were  Increased  as  much  as  50  times 
by  F ferti 1 1 zatlon.  Foot  prol I fetation  was  Increased  slral lerly. 


Yields  were  further  Increased  by  addition  of  N and  K.  Response 
to  N and  K,  applied  singly  or  together,  was  negligible.  There 


was  a positive  yield  response  to  lime  In  both  soils,  bate  In- 
dicated that  4500  kg/ha  of  calcium  carbonate  was  adequate  In 


5)  When  these  soils  were  adequately  limed  and  fertilized,  plant 
concentrations  of  P,  K,  Ca,  and  bg  appeared  to  be  within  estab- 
lished ranges  For  optimum  plant  growth  and  animal  requirements. 
Examination  of  differential  response  to  nlcronutrlents  was  not 
attempted,  but  small  additions  of  Hn,  Zn,  and  Cu  provided  ade- 
quate concentrations  of  these  elements  In  pangolagrass  and 

4)  Lime  appeared  to  have  opposite  effects  on  P retention  In  these 
soils.  While  P retention  was  decreased  slightly  by  lime  In 
Prof I la  1 , 1 1 was  Incraassd  markadly  In  Prof  1 la  1 1 . 1 ncreased 

retention  In  Profile  II  may  be  beneficial  in  practice.  However, 
ffloveirent  of  applied  P from  the  surface  soils  probably  will  not 
be  critical,  since  In  both,  the  major I Cy  of  appi led  P was  re- 
tained In  the  O-JO  cm  depth  which  Is  within  the  normal  rooting 
zone  of  the  majority  of  crop  and  pasture  plants. 
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5)  The  potential  for  development  of  the  Puleten  soils  was  demon- 
strated, Satisfactory  yields  were  obtained  where  P rates  be- 
tween ISO  and  240  kg/ba  were  applied  with  N and  K.  The  residual 
P effect  extended  for  6 to  10  omnths  after  P application,  through 
one  tomato  and  2 to  3 pangolagrass  crops  grown  successively, 

6}  The  subsoils  of  both  profiles  proved  to  be  less  fertile  than 
their  respective  surface  soils.  However,  response  to  fertiliza- 
tion, especially  with  P,  followed  the  same  trend  shown  for  the 
surface  sol  Is. 

7)  Further  studies  ere  needed  to  establish  the  most  suitable 
method  to  correlate  soil  P with  crop  yields  after  fertilizer 
P Is  applied, 

8)  Suitability  of  the  Puletan  soils  appeared  to  be  Favorable  for 
a diversity  of  crops,  pastures,  and  reforestation.  Construc- 

beneflclal  If  these  soils  are  to  be  cropped.  In  the  case  of 
Profile  11,  mulching  for  arable  crops  should  be  practiced  to 


holding  capacity  and  low  colloidal  content. 

9)  Initial  cost  of  developing  these  soils  may  be  low  since  no 
major  clearing  operations  would  be  required  considering  the 
low,  sparse  vegetation,  as  compared  to  more  fertile,  heavily 
forested  sol  Is, 

10)  Study  of  legumes  Is  needed  due  to  the  low  native  soil  H,  slow 
N mineral Izetlon  end  the  high  cost  of  K fertl I Izers.  Addi- 
tional Information  concerning  the  adaptation  of  grasses  would 
also  ba  beneficial . 
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